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PREFACE. 



An attempt has been made in the following pages to put 
within the reach of all a short and compendious treatise 
upon some of the ingenious instruments bj which the 
scientific practitioner is aided in his observations, and in the 
delineation of the results obtained from them. 

The instruments treated of have been divided into five 
classes, to each of which a part of the work has been devoted. 
The first part treats of Mathematical Drawing Instruments ; 
the second, of Optical Instruments ; the third, of Surveying 
Instruments ; the fourth, of Astronomical Instruments ; and 
the fifth, and last, of Goniometrical Instruments, for measur- 
ing the angles of crystals. 

The greater part of the Wood Engravings, and some parts 
of the Text, of Simms's Mathematical Drawing Instruments, 
have been pressed into the service of the present work ; and 
the works of the best writers upon the several parts of the 
subject have been consulted, and much valuable matter has 
been extracted from them, particularly from Pearson's Astro- 
nomy. 

The limits of the bulk and cost of the work have forbidden 
any extensive excursion into the sciences in which the instru- 
ments are used ; but it is hoped that a large mass of informa- 
tion has here been placed in a small compass without sacri- 
ficing perspicuity to undue compression 

R. M. A. 

March, 1849. 
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PART I.— ON MATHEMATICAL DRAWING INSTEUMENTS. 

Tn this branch of the subject the limits of our little work will 
not permit us to enter upon all the beautiful contrivances which 
have been invented for facilitating the operations of the 
draughtsman; but we shall endeavour to describe the con- 
structions and applications of such as are in most general use, 
and, as far as our space will allow, to exhibit the principles 
upon which they are founded, so that the student may readily 
extend his views, after having completely mastered the matter 
here presented to him, to the principles of any other instru- 
ments, which may be useful to him in whatever particular 
professional branch of practical mathematics he may wish to 
employ himself. With this view we shall describe the instru- 
ments in the ordinary case of drawing instruments, as sold by 
any mathematical instrument maker ; viz.. 

Compasses with moveable point, Drawing pen and pricking 

ink point, and pencil point. point. 

Hair compasses. Plain scale. 

Bow compasses. Sector. 

And we shall also give some account of the following; viz., 

Whole and halves. Beam compasses. 

Proportional compasses. Plotting scales. 

Triangular compasses. The pantagraph. 

Marquois's scales. Sliding Ride. 

ON DRAWING COMPASSES. 

This instrument consists of two legs moveable about a joint, 
so that the points at the extremities of the legs may be set at 
any required distance from one another ; it is used to transfer 
and measure distances, and to describe arcs and circles. 

The points of the compasses should be formed of well-tem- 
pered steel, that cannot be easily bent or blunted, the upper 
part being formed of brass or silver. TYie "^ovcsX \& ix^xs^^^ 
of two sabstancea; one side being oi iJcie «»«cai^ Ts\»\fcTvA ^>a 
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.1 

the upper part of the compasses, either brass or sft 
the other of steel. This arrangement diminishes j| 
of the parts, and promotes uniformity in their jrtot 
this uniformity be wanting, it is extremely diflBcult tl 
compasses at any desired distance, for, being opened io 
by the pressure of the finger, if the joint be not goodJi 
move by fits and starts, and either stop short of, or gi 
the distance required ; but, when they move evenly, the t 
may be regulated so as to open the legs to the desirea 
and the joint should be stiff enough to hold them in jl 
tion, and not to permit them to deviate from it in coni 
of the small amount of pressure which is inseparable £n 
use. When greater accuracy in the set of the comj 
required than can be effected by the joint alone, \ 
recourse to the 

Hair Compasses, in which the upper part of one of I 
points is formed into a bent spring, which, being fastexi« 
extremity to the leg of the 
compasses almost close ^' '■ ^^' 

up to the joint, is held at 
the other end by a screw. 
A groove is formed in 
the shank, which receives 
the spring when screwed 
up tight; and, by turning 
the screw backwards, the 
steel point may be gradu- 
ally allowed to be pulled 
backwards by the spring, 
and may again be gradu- 
ally pulled , forwards by 
the screw being turned 
forwards. 

Fig. 1 represents 
these compasses when 
shut; fig. 2 represents 

them open, with the f * /^n 

screw turned backwards, 

and the steel point jp, in consequence moved backwards 
spring s, from the position represented by the dottec 
which it would have when screwed tight up. 

Fig. 3 represents a key, of which lie two points fit i 
two holes seen in the nut, n, of the joint ; and by tumi 
nut the joint is made stiffer or easier at pleasure. 




To take n IXstanee witk the JJair CompeUKi. — Open them 

as nearly as ;ou can to the required distance, eet the fixed leg 
on the point from nhich the distance 19 ta be token, and make 
the extremity of the other leg coincide accurately with the 
end of the required distance, by turning the screw. 



COMPASSES T 

If an arc or circle is 
guide for the terminating points of other lines, the Bteel points 
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3 be described faintly, merely as a 



. are generally sufBcient for 
I the purpose, and are suscep- 
! tible of a^jostment with 
i greater accuracy than a pen- 
cil point; but, in order to draw 
arcs or circles with ink or 
black lead, compasses with a 
moveable point are used. In 
the best description of these 
compasses the end of the 
shank is formed into a strong 
spring, which holds firmly 
the moveable point, or a pen- 
cil or ink pomt, as may be 
required. A lengthening bar . 
may also be attached be- j^a 
tween the shank and the '>' 
moveable point, so as to 
strike larger circles, and 
measure greater distances. 
The moveable point to be at- 
tached to the lengthening 
bar, as also the pen point and 
pencil point, are furnished 
with a joint, that they may be 
eet nearly perpendicular to 
the paper. 

A, the compasses, with a moveable point at b. 

o and D, the joints to set each pomt perpendicular to the 
paper. 

E, the pencil point. 

r, the pen piint. (This is represented with a dotting 
wheel, the pen point and the dotting point being similar in 
shape to eaai other.) 

o, the lengtheniog bar. 
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To describe email arcs or 
circles a small pair of com- 
passes, called bow rvrnpoises, 
with a permanent ink or pen- 
cil point, are uaed. Thej are 
formed with a round head, 
which rolls with ©aao be- 
tween the fingers. The ad- 
joining figures represent two 
constmctJonB of pen bows, 
fig. 1 being well adapted to 
describe arcs of not more 
than one inch radius, 



ig. a 



of 



Bmall radii with exactness hy 
means of the adjusting screw 

For copying and reducing 
drawings, compasses of a pe- 
culiar conatruciion are used ; 
the Bimplest form of which 
is that called wholes and 
halves, because the longer 
legs being twice the length 
of the shorter, when the former 
the shorter ones will be oj 
■ their 




I any given line, 

■ the half of that line. Bj 



1, then, all the lines of a drawing may be reduced 
to one-half, or enlarged to double their length. These com- 
passes are also useful for dividing lines by continual bJsec- 

PBOPORTtONAX COUFASSES. 

fiy means of this ingenious instrument drawings may he 
reduced or enlarged, so that all the hnes of the copy, or the 
areas or solids represented by its several parts, shall bear 
any required proportion to the lines, areas, or solids of the 
original drawing. They will also sen'e to inscribe regular 
polygons in circles, and to take the square roots and cube roots 
of numbers. In the annexed figure the scale of lines is placed 
on the leg a e, on the left-hand side of the groove, and the 
scale of circles, on the same leg, on the right-hand side of the 
groove. The scales of plans and solids are on the other face 
rf the instrument. 
To set tbe instrument it mwat fitat \)6 ttwira.^A"j AoBfti, wi 
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that the two legs appear hut as one ; the nut c 
heing then unscrewed, the slider may he moved, 
until the line across it coincides with any required 
division upon any one of the scales. Now tighten 
the screw, and the compasses are set. 

To reduce or enlarge the Lines of a Drawing. — 
The line across the slider being set to one of the 
di\dsions, 2, 3, 4, &c., on the scale of lines, the 
points A, B will open to double, triple, four times, 
&C.J the distances of the points d, e (Euc. vi. 
prop. 4). If, then, the points a and b be opened 
to the lengths of the lines upon a drawing, the 
points D and e will prick off a copy with the lines 
reduced in the proportions of^^to l,^tol,Jtol, 
Ac. ; but, if the points d and e be opened to the 
lengths of the lines upon a drawing, the points 
A and B will prick off a copy with the lines enlarged 
in the proportions of 3 to 1, 3 to 1, 4 to 1, &c. 

To inscribe in a Circle a regular Polygon of 
any nuniber of Sides from 6 to 20. — The line 
across the slider being set to any number on the 
scale of circles, and the points a and b being opened 
to the length of any radius, the points d and e will 
prick off a polygon of that number of sides, in 
the circle described with this radius ; thus, if the line across 
the slider be set to tlfe division marked 12 on the scale of cir- 
cles, and a circle be described with the radius a b, d e will 
be the chord of a -^^^th part of the circumference, and will prick 
off a regular polygon of 12 sides in it. 

To reduce or enlarge the Area of a Drawing. -^The numbers 
upon the scale of plans are the squares of the ratios of the 
lengths of the opposite ends of the compasses, when the line 
across the slider is set to those numbers ; and, the distances 
between the points being in the same ratio as the lengths of 
the corresponding ends (Euc. vi. prop. 4), the areas of the 
drawings, and of the several parts of the drawings, pricked off 
by these points, will have to one another the ratio of 1 to the 
number upon the scale of plans to which the instrument is 
set (Euc. vi. props. 19, 20; and xii. prop. 2). Thus, if the 
line across the slider be set to 4 on the scale of plans, the 
distance between the points a and b will be t^ice as great as 
the distance between n and e ; and, if a and b be opened out 
to the lengths of the several lines of a drawing, d and e will 
prick off a copy occupying Jth the area ; \i tha Uvxa ^^\«es^ \3Kift 
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slides be set to 5 on the same scale, the distances between 

the points will be in the ratio of 1 to \/5, and the area of the 
copy pricked off by the points d and E will be -j^th of the area 
of the drawing, of which the lines are taken off by a and b: 
conversely, if the lines of the drawing be taken off by the 
points D and e, the points A and b will prick off a copy, of 
which the area will be 4 times or 6 times as great, according 
as the line across the slider is set to the division marked 4 or 
5 on the scale. 

To take the Square Root of a Number, — The line across the 
slider being set to the number upon this scale of plans, open 
the points a and b to take the number from any scale of 
equal parts (see page 9), then the points d and b applied to 
the same scale of equal parts will take the square root of the 
number. Thus, to take the square root of 3, set the line 
across the slider to 3, open out the compasses, till a and b 
take off 3 from any scale of equal parts, and the points d and e 
will take off 1.73, which is the square root of 3 from the same 
scale of equal parts. A mean proportional between two num- 
bers, being the square root of their product, may be found by 
multiplying the numbers together, and then taking the square 
root of the product in the manner explained above. 

The numbers of the scale of solids are the cubes of the 
ratios of the lengths of the opposite ends of the compasses, 
when the line across the slider is set to those numbers : so 
that, when this line is set to the division marked 2 upon the 
scale of solids, the distance between the points a and b will 
give the side of a solid of double the content of that, of which 
a like side is given by the distance of the points d and e when 
the line is set to 3, the respective distances pf the points will 
prive the like sides of solids, the contents of which will be in 
the proportion of 3 to 1 ; and so on. 

The Cube Boot of a given number may be found by setting 
the line across the slider to the number upon the scale of 
solids, and, opening the points A, b, to take off the number 
upon any scale of equal parts, the points d, e, will then take 
off the required cube root from the same scale. 

THE TRIANGULAR COMPASSES. 

One of the best forms of these instruments is represented 
in the annexed figure, abc is a solid tripod, having at the 
extremity of the three arms three limbs, d, e, and /^ moving 
freely upon centers by which thtey may "be igWe^ m wo^ y^- 
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Bition mth respect to the tripod and each 

other. These limbs carry points at right 

angles to the plane of the instrument, 

which may be brought to coincide, in the 

first instance, with any three points on 

the original, and then transferred to the 

copy. After this first step two of these 

points must be set upon two points of 

the drawing already copied, and the third made to coincide 

with a new point of the drawing, that is, one not yet copied : 

then, by placing the two first points on the corresponding 

points in the copy, the third point of the compasses will 

transfer the new point to the copy. 

Another form of triangular compasses is represented in the 
annexed figure. 
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THE DBAWING-PEN. 



Fig. 1. Fig, 2. Fig. 3. 
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This instrument is used for drawing straight, lines. It 

consists of two blades with steel 
points fixed to a handle; and 
they are so bent, that a suffi- 
cient cavity is left between them 
for the ink, when the ends of 
the steel points meet close to- 
gether, or nearly so. The blades 
are set with the points more or 
less open by means of a mill- 
headed screw, so as to draw lines 
of any required fineness or thick- 
ness. One of the blades is framed 
with a joint, so that by taking 
out the screw the blades may be 
completely opened, and the points 
effectively cleaned after use. The 
ink is to be put between the 
blades by a common pen, and in 
using the pen it should be sHghtly 

Um uij \mf inclined in the direction of the 

III II H line to be dio^Ti,wi^^iax^^^\5lk^ 

be taken \\ia.\. \iO\k Y^\»Xa \rj^^ 
A B « the paper ; aa'i ^'^ Ooswr^^^^^ 
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equally apply to the pen points of the compasses before 
described. The drawing-pen should be kept close to the 
straight edge (see straight edge), and in the same direction 
during the whole operation of drawing the line. 

For drawing close parallel lines in mechanical and architec- 
tural drawings, or to represent canals or roads, a double pen 
(fig. 2) is frequently used, with an adjusting screw to set the 
pen to any required small distance. This is usually called 
the road pen. The best pricking point is a fine needle held 
in a pair of forceps (fig. 3). It is used to mark the intersec- 
tions of lines, or to set off divisions from the plotting scale 
and protractor (p. 33). This point may also be used to prick 
through a drawing upon an intended copy, or, the needle being 
reversed, the eye end forms a good tracing point. 

a straight edge. 

As many instruments are required to have straight edges 
for the purpose of measuring distances, and of drawing straight 
lines, it may be considered important to test the accuracy of 
such edges. This may be done by placing two such edges 
in contact and sliding them along each other, while held up 
between the eye and the light : if the edges fit close in some 
parts, so as to exclude the light, but admit it to pass between 
them at other parts, the edges are not true : if, however, tlie 
edges appear, as far as the test has now proceeded, to be true, 
still this may arise from a curvature in one edge fitting into an 
opposite curvature in the other ; the final step then is to take a 
third edge, and try it in the same manner with each of the other 
two, and if in each case the contact be close throughout the 
whole extent of the edges, then they are all three good*. 

** To draw a cftraight line between two points upon a plane, we lay a rule 
so that the straight edge thereof may just pass by the two points ; then moving 
a fine-pointed needle, or drawing-pen, along this edge, we draw a line from 
one point to the other, which, for common purposes, is sufficiently exact; but, 
where great accuracy is required, it will be found extremely difficult to lay 
the rule equally with respect to both the points, so as not to be nearer to one 
point than the other. It is difficult also so to carry the needle, or pen, that 
it shall neither incline more to one side than the other of the rule ; and, 
thirdly, it is very difficult to find a rule that shall be perfectly straight. 

" If the two points be very far distant, it is almost impossible to draw the 
line with accuracy and exactness; a circular line may be described more 
easily, and more exactly, than a straight or any other line, though even then 
many difficulties occur, when the circle is required to be of a large radius. 

" And let no one consider these reflections as the effect of too scrupulous 
exactneas, or as an unnecessary aim at precision *, for, aa iVi^ fevmA^Xvovi of 

* Sua bk, J. del 10. Peacock's Algebra, 1st ediuon, ait. hVl^ ^. Via. 
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■11 oai knowledga in geognphy, narigittion, ftnd ulrsnomy, u built on obsei- 
Tktions, uid ill obKiradoni are made with iDitiuments, it folloni that the 
truth of the oburvstiODi, and tbe accuracj' of the deductiooi therefrom, will 
principallj depend on the exsctneu with which the initruiueDli ore nude 
and dinded, and that those acitDcei will advance in proportion aa theae ore 
leu difficult in their me, and more perfect in the performance of (hdr reapec- 
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Scales of equal parts ore used far measuring straight lines, 
and laying down distAnces, each part answering for one foot, 
one yard, one chain, &c., aa ma; be convenient, and the plan 
will be larger or smallei' as tlie scale contains a smaller or a 
greater number of parts in an inch. 

Scales ofequal parts maybe divided into three kinds; simply- 
divided scales, diagonal scales, and vernier 

Simply-divided Scaks. — Simply-divided Df 
scalesconsiat of any extent of equal divisions, 
which are numbered 1, 3, 3, &c., beginning 
from the second division on the left hand. 
The first of these primary divisions is sub- 
divided into ten equal parts, and from these 
last divisions the scale is named. Thus it 
is called a scale of 30, when 30 of these 
small parts are equal to one inch. If, then, 
these subdivisions be taken as units, each to 
representone mile, for instance, or ocechain, 
or one foot, ic, the primary divisions will be 
so manjr tens of miles, or of chains, or of feet, 
Sx.; if the subdivisions are taken as tens, 
the primary divisions will be hundreds ; 
and, if the primary divisions be units, the 
subdivisions will be tenths. 

The accompanying drawing represents 
six of the simplj'divided scales, which are 
generally placed upon the plain scale. To 
adapt them to feet and inches, the first pri- 
mary division is divided duodecimally upon 
an upper line. To lay down 360, or !i6, 
or 8-6, Ac, from any one of these scales, 
extend the compasses from the primary 
divisiou numbered 3 to the 0th lower sub- 
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division, reckoning backicarda, or towards the left hud. ,. 
take off any number of feet and inches, 6 feet 7 inohM foi 
instance, eitend the compasaes from tiie primary division 
numbered 6, to the 7th upper Bubdiviaion, reokouing hek.- 

Yfarda, as before. 

Diagonal Scales. — In the simply-divided scales one of Ihi 
primary divisions is subdivided oiily into ten equal parts, and 
the parts of any distance which are less than tenths of . 
mary division cannot be accurately taken off from them; iaf. 
by means of a diagonal scale, the parts of any distance nhJeS 
are the hundredtJwi of the primary divisions are correctly !» 
dicated, as will easily be understood from its oonstntclioit, 
which we proceed to describe. 

Draw eleven parallel equidistant lines; 
divide the upper of these lines into equal 
parts of the intended length of the primary 
divisions; and through each of these di< 
visions draw perpendicular lines, cutting all 
the eleven parallels, and number these pri- 
mary divisions, 1, 2, 8, 4c., beginning trom 
the second. 

Subdivide the first of these primary di- 
visions into ten equal parte, both upon the 
highest and lowest of the eleven parallel 
lines, and let these subdivisions be reckoned 
in the opposite direction to the primary di- 
visions, aa iu the simply-divided scales. 

Draw the diagonal lines from the tenth 
subdivision below to the ninth above ; from 
the ninth below to the eighth above; and 
BO on ; till we come to a line from the first 
below to the zero point above. Then, since 
these diagonal lines are all parallel, and 
consequently everywhere equidistant, the 
distance between any two of them in suc- 
cession, measured upon any of the eleven 
parallel lines which they intersect, is the 
same as this distance measured upon the 
highest or lowest of these lines, that 
is, as one of the subdivisions before 
mentioned : but the distance heween the 
perpendicular, which posses through the 
zero point, and the diagonal through the i 

same point, fee jug nothing on the higtieat ^ne, mA %apai \a 
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one of the subdivisions on the lowest line, is equal (Euo. 
vi. prop. 4) to one- tenth of a subdivision on the second line, 
to two-tendis of a subdivision on the third, and so on ; so that 
this, and consequently each of the other diagonal lines, as it 
reaches each successive parallel, separates further from the 
perpendicular through the zero point by one-tenth of the ex- 
tent of a subdivision, or one-hundredth of the extent of a pri- 
mary division. Our figure represents the two diagonal scales 
which are usually placed upon the plane scale of six inches in 
length. In one. the distances between the primary divisions 
are each half an inch, and in the other a quarter of an inch. 
The parallel next to the figures numbering these divisions 
must be considered the highest or first parallel in each of 
these scales to accord with the above description. 

The primary divisions being taken for units, to set off the 
numbers 5*74 by the diagonal scale. Set one foot of the 
compasses on the point where the fifth parallel cuts the 
eighth diagonal line, and extend the other foot to the point 
where the same parallel cuts the sixth vertical line. 

The primary divisions being reckoned as tens, to take off 
the number 467. Extend the compasses from the point where 
the eighth parallel cuts the seventh diagonal to the point 
where it cuts the fifth vertical. 

The primary divisions being hundreds, to take off the 
number 253. Extend the compasses from the point where 
the fourth parallel cuts the sixth diagonal to the point where 
it' cuts the third vertical. 

Now, since the first of the parallels, of the diagonals, and 
of the verticals indicate the zero points for the third, second, 
and first figui^es respectively, tlie second of each of them 
stands for, and is marked, 1, the third, 2, and so on, and we 
have the following 

General Rule, — To take off any number to three places of 
figures upon a diagonal scale. On the parallel indicated by 
the third figure, measure from the diagonal indicated by the 
second figure to the vertical indicated by the first. 

Vernier Scales, — The nature of these scales will be under- 
stood from their construction. To construct a vernier scale, 
which shall enable us to take off a number to three plfujes of 
figures: divide all the primary divisions into tenths, and 
number these subdivisions, 1, 2, 3, &c., from the left hand 
towards the right throughout the whole extent of the scale. 

Take off now, with the compasses, eleven of those subdi- 
Tisions, set the extent off backwards from the end of tha ^rsfe 
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primary division, and it will reach beyoud the beginning <rf 
this division, or zero point, a distance equal to one of the snb- 
divisions. Now divide the extent thus set ofC into 
ten equal parts, marking the divisions on the opposite 
side of the divided line to the strokes marking the 
primary divisions and the suhdivisions, and number 
them 1,3, 8,&c.,backwardsfromrighttoleft. Then, L;"1t|| 
since the extent of eleven subdiviaions'has been di- 
vided into ten equal parts, so that these ten parts 
exceed by one subdivision the extent of ten subdivi- 
sions, each one of these equal parts, or, as it may be 
called, one division of the vernier scale, exceeds one 
of the subdivisions by a tenth part of a subdivision, 
or a hundredth part of a primary division. In our 
£gure the distances between the primary divisions are 
each one inch, and, coneequently, the distances be- 
tween the subdivisions are each one-tenth of an 
inch, and the distances between the divisions of the 
vernier scale each one-tenth and one-hundredth of 

To take off the number 353 from this scale. In- 
crease the first figure 2 by 1 , making it 3 ; because 
the vernier scale commences at the end of the first 
primary division, and the primary divisions are mea- 
sured from this point, and not from the zero point*. 
The firstthus increased with thesecondnowrepreseuts 
35 of the subdivisions from the zero point, from 
which the third figure, 3, must he subtracted, leaving 
39 ; since three divisions of the vernier scale will 
contain three of these subdivisions, together ivith 
three-tenths of a subdivision. Place, then, one point 
of the compasses upon the third division of the vernier 
scale, and extend the other point to the 32nd sub- 
division, or the second division beyond the 3rd pri- 
mary division, and laying down the distance be- 
tween the points of the compass, it will represent 
263, or 25'8, or 2-53, according as the primary divi- 
sions are taken as hundreds, tens, or units. 

General Rule. — To take o£E any number to three 
places of figures upon this vernier scale. Increase 
the first figure by one ; subtract the third figure from the 
second, borrowing one from the first increased figure, if ne- 

* If tbe TCmier icale were placed (o the left of the zero point, a diBttmea 
7<w (fian one priaary diriafon could not olvvayi ^e toor^ \xpaa x^ vx^ 
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cessary, and extend the compasses from the division upon 
the vernier scale, indicated by the third figure, to the subdivi- 
sion indicated by the number remaining «5ter performing the 
above subtraction. 

Suppose it were required to take off the number 253-5. By 
extending the compasses from the third division of the 
vernier scale to the 32nd subdivision, the number 253 is taken 
off, as we have seen. To take off, therefore, 253*5, the com- 
passes must be extended from one of these points to a short 
distance beyond the other. Again, by extending the com- 
passes from the 4th division of the vernier scale to the 31st 
subdivision, the number 254 would be taken off. To take off 
253*5, then, the compasses must be extended from one of these 
points to within a short distance of the other; and by setting 
the compasses so that, when one point of the compasses is set 
successively on the 3rd and 4th division of the vernier scale, 
the other point reaches as far beyond the 32nd subdivision as 
it falls short of the 31st, the number 253*5 is taken off. If 
the excess in one case be twice as great as the defect in the 
other, the distance represents the number 253f , or 253*66 ; 
and if the excess be half the defect, the distance represents 
253J, or 253*33. Thus distances may be set off with an 
accurately-constructed scale of this kind to vdthin the three- 
hundreddi part of a primary division, unless these divisions 
be themselves very small. 

We are not aware that a scale of this kind has been put 
upon the plain scales sold by any of the instrument makers ; 
but, during the time occupied in plotting an extensive survey, 
the paper which receives the work is affected by the changes 
which take place in the hygrometrical state of the air, and the 
parts laid down from the same scale, at different times, will 
not exactly correspond, unless this scale has been first laid 
down upon the paper itself, and all the divisions have been 
taken from the scale so laid down, which is always in the same 
state of expansion as the plot. For plotting, then, an extensive 
survey, and accurately filling in the minutiae, a diagonal, or 
vernier scale may advantageously be laid do^vn upon the 
paper upon which the plot is to be made. A vernier scale is 
preferable to a diagonal scale, because in the latter it is ex- 
tremely difficult to draw the diagonals with accuracy, and we 
have no check upon its errors ; while in the former the uniform 
manner in which the strokes of one scale separate from those 
of the other is some evidence of the truth of both*. 

* In Mr. Bird's celebrated scale, by means of which he succeeded ia dv- 
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ON THE PROTRACTING SCALES. 

The nature of these scales will be understood from the 
following construction (plate 1, fig. 1): 

With centre o, and radius o a, describe the circle A b o d; 
and through the centre o draw the diameters a c, and b d, at 
right angles to each other, which will divide the circle into 
four quadrants, a b, b c, c d, and d a. 

Divide the quadrant c d into nine equal parts, each of 
which will contain ten degrees, and these parts may again bo 
subdivided into degrees, and, if the circle be sufficiently large, 
into minutes. 

Set one foot of the compasses upon o, and transfer the di- 
visions in the quadrant o d to the right line c d, and we shall 
have a scale of chords *. 

From the divisions in the quadrant o d, draw right lines 
parallel to d o, to cut the radius o o, and, numbering the divi- 
sions from 0, towards c, we shall have a scale of sines. 

If the same divisions be numbered from o, and oontinaed 
to A, we shall have a scale of \6ersed sines. 

From the centre o, draw right lines through the divisions 
of the quadrant c d, to meet the line o t, touching the circle 
at c, and, numbering from o, towards t, we shall have a scale 
of tangents. 

Set one foot of the compasses upon the center o, and transfer 
the divisions in o t into the right line o s, and we shall have 
a scale of secants. 

Eight lines, drawn from a to the several divisions in the 
quadrant c d, will divide the radius o d into a line of semi- 
tangents, or tangents of half the angles indicated by the 
numbers ; and the scale may be continued by continuing the 
divisions from the quadrant c d, through the quadrant d a, 

viding, with greatly-improved accuracy, the circles of astronomical instm- 
ments, the inches are divided into tenths, as in the scale described in tlie 
text, and 100 of these tenths are divided into 100 parts for the vemief 
scale. 

* We give the constructions in the text to show the nature of the scales ; 
but in practice a scale of chords is most accurately constructed by values 
computed from tabulated arithmetical values of sines, which computed 
values are set off from a scale of equal parts ; and the circle is divided most 
accurately by means of such computed chords. The limits of our work 
forbid our entering further upon this interesting subject. All the other 
scales will also be most accurately constructed from computed arithmetical 
\'alues, taken off by means of the beam compasses hereafter described, and 
corrected by the aid of a good Bird's vernier scale. 
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find drawing right lines from a, through these divisions, to 
meet the radius o j>, produced. 

Divide the quadrant a d into eight equal parts, subdivide 
each of these into four equal parts, and, setting one foot of 
the compasses upon a, transfer these divisions to the right 
line A D, and we shall have a scale of rhumbs. 

Pivide the radius a o into 60 equal parts, and number them 
from towards a ; through these divisions draw right lines 
parallel to the radius o b, to meet the quadrant a b ; and, with 
one foot of the compasses upon a, transfer these divisions from 
the quadrant to the right line a b, and we shall have a scale 
of longitudes. 

Place the chord of G0°, or radius*, between the radii o c 
and o B, meeting them at equal distances from the center; di- 
vide the quadrant c b into six equal parts, for intervals of 
hours, subdividing each of these parts into 12 for intervals of 
5 minutes, and further subdividing for single minutes if the 
circle be large enough; and from the center o draw right 
lines to the divisions and subdivisions of the quadrant, inter- 
secting the chord or radius placed in the qimdrant, and we 
shall have a scale of hours. 

Prolong the touching line t c to l ; set off the scale of sines 
from c to l; draw right lines from the center o to the divisions 
upon L, and from the intersections of these lines with the 
quadrant o b draw right lines parallel to the radius o c, to 
meet the radius o b, and we shall have a scale of latitudes f. 

Corresponding lines of hours and latitudes may also be con- 
structed (as represented in our figure) more simply, and on a 
scale twice as large as by the preceding method, as follows : — 

With the chord of 45° set off from b to e, and again from 
b to F, we obtain a quadrant e f bisected in b ; and, the 
chord of 60° or radius being set off from a, c, f, and e, this 
quadrant is divided into six equal parts. From the center o, 
draw straight lines through these divisions to meet the line 
touching the circle at b, and we shall have the line of hours. 

From the point d, draw right lines through the divisions 
upon the line of sines o o, to meet the circumference b o, and 

• Chord of 60* is equal to radius. Euc. book iv. prop. 15, Cor. 

f The line of latitudes is a line of sines, to radius equal the whole length 
of the line of hours, of the angles, of which the tangents are equal to the 
Bines of the latitudes. The middle of the hour line being numbered for three 
o'clock, the divisions for the other hours are found by setting off both ways 
firom the middle the tangents of n. 15% n. being the number of hours from 
three o'clock^ that is, one for two o'clock and font o'AotV., V»ro fet ^\>fc ^*<;^a^ 
mtd 6re o'clock, and three for twelve o'clock and wx tf c\oOk.* 



16 



ICATHEHATICAL INSTBUMEKTS. 




transferring these divisions from b, as a center to the chord 
B c, we sb^l have the corresponding line of latitudes. 

It is not necessary that these scales should all be projected 
to the same radius ; but those which are used together, as the 
rhumbs and chords, the chords and longitudes, the sines, tan- 
gents, secants, and semitangents, and, lastly, the hooFS and 
latitudes, must be so constructed necessarily. In the accom- 
panying diagram (plate 1, fig 2) we have laid down the hoon 
and latitudes to a radius equal to the whole length of the scale^ 
the other lines being laid down to the radius used in the fore- 
going construction. 

The Line of Chords is used to set off an angle, or to measure 
an angle already laid down. 

Ist. To set off an angle, 
which shall contain d° from 
the point a, in the straight line 
A B. Open the compasses to 
the extent of 60** upon the 
line of chords, which equals the 
radius to which this line has 
been laid down (Euc. iv. prop. 

15, Cor.), and, setting one foot upon a, with this extent 
describe an arc cutting a b in' b; then, taking the extent of i>® 
from the same line of chords, set it off from b to c ; and, join- 
ing A c, B A is the angle required. Thus to set off an angle 
of 41°, having described the arc b c, as directed, with one foot 
of the compasses on b, and the extent of 41° on the line of 
chords, intersect b c in c, and join a c. 

2nd. To measure the angle contained by the straight lines 
A B and A already laid down. Open the compasses to the ex- 
tent of 60° on the line of chords, as before, and with this ra- 
dius describe the arc b c, cutting a b and a c, produced, if 
necessary, in the points b and c ; then, extending the com- 
passes from B to c, place one point of the compasses on the 
beginning, or zero point, of the line of chords, and the other 
point will extend to the number upon this line, indicating the 
degrees in the angle bag. If, for instance, this point fall on 
the 41st division, or the first division beyond that marked 40 
in the figure (plate 1, fig, 2), the angle bag will contain 41°. 

The Line of Rhumbs is a scale of the chords of the angles of 
deviation from the meridian denoted by the several points 
and quarter points of the compass, enabling the navigator, 
without computation, to lay down or measure a ship's course 
upon a chart. Thus, supposing the ship's cpv^ree to be 
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E. i E. Through the point a, repre- 
Qg the ship's place upon the chart, 
the meridian a b, and with center a 
iistance equal to the extent of 60° upon 
liue of chords describe an arc cutting 
n B ; then on the line of rhumbs take 
ixtent to the third subdivision beyond 
Jivision marked 2, because N.N.E. is 
jecond point of the compass from the 
I, and with one foot of the compasses 
describe an arc intersecting b c in c : 
»L c, and the angle bag mil represent 
hip s course. On the other hand, if a 
is to be sailed from the point a to a point on the line 
n a chart, draw the meridian a b, describe the arc b c with 
IS equal to chord of 60°, as before, and the extent from b 
applied to the line of rhumbs, will give 2 pts. 3 qrs., de- 
ig that the ship must be sailed by the compass N.N.E. f E. 
he Line of Longitudes shows the number of equatorial 
3 in a degree of longitude on the parallels of latitude in- 
;ed by the degrees on the corresponding points of the 
of chords. Example. — A ship in latitude 60° N. saiUng 
9 miles, required the difference of longitude between the 
nning and end of her course. Opposite 60 on the line of 
ds stands 30 on the line of longitudes, which is, therefore, 
number of equatorial miles in a degree of longitude at 
latitude. Hence, as 30 : 79 :: 60 : 158 miles, the 
ired difference of longitude. 

he Lines of Sines, Secants, Tangents, and Semitangenis are 
lipally used for the sevei'al projections, or perspective 
esentations, of the circles of the sphere, by means of 
h maps are constructed. Thus, the meridians and paral- 
of latitude being projected, the countries intended to be 
3sented are traced out according to their respective 
.tions and extent, the position of every point being deter- 
)d by the intersection of its given meridian and parallel of 
iide. 

be plane upon which the circles are to be delineated is 
d the primitive, and the circumference of a circle, de- 
•ed with a radius, representing, upon the reduced scale of 
drawing, the radius of the sphere, is called the circum- 
ice of the primitive. Lines, drawn from all the points of 
circles to the eye, by their intersection with the primitive 
; the projection. 
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When the eye is supposed to be infinitely distant, so tint 
tlie lines of vision are pcirallel to one another and perpendi- 
cular to the primitive, the projection is called orthographic 
When the primitive is a tangent plane to the sphere, and ttu 
eye is supposed to be at the center of the sphere, the proJMV 
tion is called gnomonio. When the eye is supposed to be il 
the surface of the sphere, and the primitive to pass thioagh 
th.e center, so as to have the eye in its pole, the projectidn it 
called stereographto. 

The projection is further termed equatorial, meridiooa], a 
horizontal, according as the primitive coincides trith, or il 
parallel to, the equator, or the meridian or horizon of my 
place. 

To delineaU the Orthographic Projection of the Oireles ^ 
the Terrestrial Sphere uptm the Plane of the Meridian of am 
plate. — With a radius according to 
the contemplated scale of the pro- 
jection, describe the circle w k b a 
for the circumference of the pri- 
mitive, and draw the vertical and 
horizontal diameters n s and w E, 
which will be the projections of a 
meridian perpendicul^ to the pri- 
mitive, and of the equator, respect- 
ively. Take out from the line of 
sines the sines of the latitudes 
through which the parallels are to 

be drawn, and, reducing these sines to the radius of the pri- 
mitive*, set off these reduced distances both ways from the 
center upon the Une m a ; and also both ways from the center 
upon the line w e, for the sines of the angles which the 
meridians, to be drawn at the same intervals as the parallels, 
make with the meridian n b. Through the divisions thus set 
ofT, upon the lino n s draw straight lines parallel to w e, and 
such straight lines will be the projections of the several paral 
lels of latitude, which are to be numbered to 90, from tba 
equator to either pole for the latitudes. With distances from 
the center to the divisions set off upon w b as semi-minor axes. 
and the distance from c to n or s, equal to radius of primitive, 

* If ths propailioDBl compasiei lie let in (Iib praportisn of the una 90" 
on tbe liua of HUH to the ladiiu of the primilivc, ona pair of poinUwill grva, 
reduced to thi< radios, Ibe >inea taken off bj the atber pair of points Tha 
muiner of taking from the BKtot a aina to in; ndina will be heresAw ptnnted 
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ommoa itt^or axis, deBoribsBemi-ellipBefl*, and the; will 
a pnyectiona of the seTsraJ, meridi^, whioh are to be 
lered either way from the first meridian for the longitudes. 
16 figure the primitive coincides with the plane of the 
iian of a place in 80° west longitude, or ISO" east longi- 
the sum of these two being 180°, as must always be the 

delineate the Gnomemie Projection of the Cvrde* of th« 
ttrial Sphere upon a Plane partdiel to tht Equator, — In 

ase the meridiaas 




idea reduced to the radJns of the primitJTe. The parallel 
i' will, therefore, coincide with the circumference of the 
itive; the parallels of latitudes greater than 45° will lie 
n the primitive 1 and for latitudes less than 45° the paral- 
rill fall without the primitive, the ladii of their projec- 
increasing as the latitude decreases, until the radius for 
cting the equator becomes infinite. Describe, then, a 



'hcH KRii-eliipiei tni}' be thus de- 
1. Ptcm any point p upon tba 
It eilge of B piece of paper tetoff p c 
to tbe major aiit, and p B equal to 
JDor Biia : then moYe the papei into 
1 poiilioni, but 10 that the pomt c 
ilWB;ts be npnn the line IT S, and 
lint a upon iho line 1 a, (uid tb« 
p win, in every luch poiition, coin- 
ith a point in the requued eUipte. 
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circle for the primitiye ; draw straight lines radiating from its 
center, and equally inclined one to another for the projections 
of equidistant meridians; and number them to 180 both- 
ways from the first meridian for the longitudes. With the taB*-| 
gents of the colatitudes, taken at intervals equal to the aaifji$ 
between two successive meridians, and reduced to the radios 
of the primitive, as distances, describe from the center of ths 
primitive concentric circles ; and number them 90 to 45 froBi 
the pole to the primitive for the latitudes, continuing the gii* 
duation beyond for the lower latitudes. 

The gnomonic projection affords a good representation d 
the polar regions, but all places in latitudes lower than W 
appear greatly distorted. The gnomonic projection enlaiges 
the representations of places at a distance from the center d 
projection beyond their proportionate true dimensions ; and 
the orthographic, on the contrary, unduly contracts them; 
while both are adapted for representing best the countries tt 
only a moderate distance from the center of projection. 

To delineate the Stereographic Projection of the Circles ofikf 
Terrestrial Sphere upon the Horizon of anyplace. — With radios 
determined upon describe a circle for the primitive, and draw 
its vertical and horizontal diameters, n s and w e, which 
will be the projections of the meridian of the place and of die 
prime vertical respectively. From the center c set off upon 
the radius c s, produced, if necessary, the distance c a, equal 
to the tangent of the latitude of the place reduced to the 
radius of the primitive ; and with center a and distance a w 
or A E describe the circle w n e, which will be the projec- 
tion of the meridian at right angles to n s, the meridian of 
the place ; and, consequently, n will be the projection of the 
pole. Through a draw the right line ^ b at right angles to 
A c, and another line a d making any convenient angle with 
A fi, and, setting off ^ b equal to the radius of the primi- 
tive, and A D equal to the sine of the colatitude, taken from 
the line of sines, join b d. Now take from the line of tan- 
gents the angles which the other meridians to be drawn are 
to make with the meridian w n e, or the complements of 
the angles which they are to make with n s, and set them 
off both ways from a upon the line a d; through each of the 
divisions l, thus found, draw l o, parallels to b d, and we 
have at o the centers of the circles for describing the meri- 
dians*. With centers o and distances o n, describe, "the 

r cot. L 
The diBtance AO^ y where r represents the radins of the pri- 
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the sum of the complemeDt of the given latitude and 
) colatitude of the place from the line of Bemitangents, 
3t it off at s from c upon c n produced ; then the circle 
bed upon r *• as diameter will be the parallel required, 
these parallela for intervals of latitude equal to the 
i made by Iwo BUcceBaive meridians, and number them 

from the pole n for the north latitudes, and again in- 
ng from on the other Bide of the equator for the south 

1 ihe latitude af tbe place, and L the uigle nt wUch the meridian 
ned la the meridian tt the place. 

iuneter of poraUel - r tsn. | {c - 1) + r ton. I (c + ^ *!>»» •> 
.Utude of place, and } — coUtitode of puallel. 
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latitudes, if the place be in north latitude— or the oonvt 
the place be in eouth latitude. 

The practical application of the preceding methods 
jection is usutdlj conSned to the representation of an fl 
hemisphere, or at least of a considerable portion of s q * 
hut for laying down smaller portions of the Bphere the n 
of development may be advantageously adopted. ' '' 
thod the portion of the sphere to be represented ii 
as coincident with a portion of a cone, tJjuohing the sphi 
a circle ivhich is the middle parallel of latitude of the ooi 
to be represented, and this portion of the cone when devol 
forms a portion of a sector of a circle. 

To lay down the meridians and parallels of latitude focj 
development. 1. Take a straight line, b c a, for the nH 
meridian of the intended map, and divide it into equal f/^ 
to represent degrees and minutes of latitude according W 
scale determined upon for the map. 2. From one of d 
divisions, a, which is conveniently situated to form the M| 
of the map, set off &om & to c the cotangent of the aii 
latitude, reduced to a radius equal to 5T'3 of the divisionB] 
viously marked off as degrees, or to 343B of those markei 
as minutes. S. With o as a center and radius o a, dasa 
the arc D A E for the middle parallel of latitude, and diviA 
info equal parts to represent 
degrees and minutes of longi- 
tode, the lengths of these 
parts having, to the lengths 
of the parta previously set 
off on the meridian for 
degrees and minutes of 
latitude, the ratio cosine 
of middle latitude : ra- 
dius. 4. With c as center, 
describe concentric arcs, 
through the divisions on 
B, for the parallels of lati- 
tude ; end draw straight lines, 
radiating from o, through the 
divisions on d a s for the me- 
ridians. 

In our figure the middle 
latitude is 06°; a b is equal 
to the length of GT'3°, or 
the radius of the sphere; 
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A a 13 eqnal to the cotangent of 55, or tbe tangent of S5 
reduced to tliis radios; and c, consequently, is the center 
for deecribing the parallels, and the nidiating point for the 
raeridians. 

In drawing a map of amall extent, it is usual to make nil 
tbe meridians and parallels of latitude stmight lines; and to 
make the extreme parallels, and tbe meridian passing through 
the center of the map. proportional to their real magnitude. 

Another and more exact method is to make the meridian 
passing through the center of the map, and all the parallels 
of latitode, straight lines, as in the last method. Then all the 
degrees on each of the parallels are made proportional to their 
magnitade, and the lines passing through the corresponding 
paints of division on the parallels irill represent the meri- 
dians. These will be curved lines, and not straight, as in the 
last method. This is usually called FlamsUad's Projection, 
as it vras first used bv that astronomer in constructing his 
"Celestial Atlas;" and it is extremely useful in geographical 
maps for countries lying on both sides of the equator. 

A considerable improvement of this method, for countries 
of large extent, Is to represent all the parallels of latitude by 
conceutrio circles, according to the principles of the conical 
development; and then to lay off the degrees on each parallel, 
proportional to their magnitude *, and draw lines through 
the corresponding divisions of these parallels to represent 
the meridians. This delineation, perhaps, Mill give the dif- 
ferent parts of a map of some extent in as nearly their due 
proportions as the 
nature of tbe case 
will admit. 

We will now 
brieBj explain the 
manner of con- 
structing some of 
the simplest dials 
by means of the 
dialling scales. 

To conttruet a 
HoTVBontal Dial. — 
Draw on your dial 
plate two parallel 

• That ii, tha iegtea an «ach panllel mult bara ts a d*grM ot latitud* 
tk* ntia of ndiiu ; coiina of tbe lfttitad« «E \,>ie ^(n!^^ 
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lines, ab, c dy as sl double meridian line, at a distance ap 
equal to the thickness of the intended style, or gnom 
Intersect them at right angles by another line, ^/, called 
six o'clock line. From the scale of latitudes take the latib 
of the place with the compasses, and set that extent from c 
and from a to / on the six o'clock line, and then, taking 
whole of six hours between the parts of the compasses fi 
the scale, with this extent set one foot in the point e, and \ 
the other intersect the meridian line c d aid. Do the sf 
from/ to b, and draw the right lines e d and/ b, which ar 
the same lengths as the scale of hours. Place one foot of 
compasses on the beginning of the scale, and, extending 
other to any hour on the scale, lay these extents off from i 
e for the afternoon hours, and from 6 to / for the forem 
In the same manner the quarters or minutes may be laid dc 
if required. The edge of a ruler being now placed on 
point c, draw the first five afternoon hours from that p 
through the marks on the line d e, and continue the line 
4 and 5 through the center c to the other side of the dial 
the like hours of the morning. Lastly, lay a ruler on 
point a, and draw the last five forenoon hours through 
marks on the line/ 6, continuing the hour lines of 7 ai 
through the center a to the other side of the dial, 
the evening hours, and figure the hours to the respec 
lines. 

To make the Cfnomon. — From the line of chords, ab 
placed on the same dialling scale, take the extent of 60°, 
describe from the center a the arc 
g n. Then with the extent of the 
latitude of the place, suppose Lon- > 

don, 51 J°, taken from the same line / 

of chords, set one foot in n, and cross / 

the arc with the other at g. From / 

the center at a draw the line a g / 

for the axis of the gnomon a g i, / 

and from g let fall the perpendi- ff- 

cular g % upon the horizontal meri- 
dian line a n, and there will be formed a triangle a g i. 
plate or triangular frame similar to this triangle, and of 
thickness of the interval of the parallel lines a c and 
being now made and set upright between them, touching 
and 5, its hypothenuse or axis a g^ will be parallel to the 
of the earth when the dial is fixed truly, and will cas 
shadow on the hour of the day. 
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To make an erect 
South Dial.— Take 
the compIemeDt of. 

the latitude of the 

place, nhichforlion- 

douis 00° less 51^ 

=3SJ, from the 

scale of laUtudes, 

and proceed iu ull 

other respects for 

the hoot lines, as 

above, for the hori- 
zontal dial ; osl^ re- 

Tersing the hours, 

■nd limiting them to the 7 ; and 

for the gnomon making t}ie angle 

of the stfle's height equal to the 

colatitude 38i. 

To comtrva an East or West 

VUU. — Draw the two meridian 

lines as before, and intersect it at 

right angles by another line, upon which set off, from the meri- 
dian lines, tlie tangeata of 15°, 30°, 46°, &c., for every 15°, re- 
duced to a radios equal to the intended height of the style. 
The hour lines are to be di'awn through the divisions thus 
marked, parallel to the meridian linos, and the meridian lines 
themselves are six. o'clock hour lines. The gnomon is a plate 
in the form of a parallelogram, the breadth of tvhich forms the 
height of the st^e or gnomon, and must be equal to the radius 
to which the tangents have been set off on the dial plate. It 
is set up between the meridian lines, perpendicular to the dial 
plate ; and the dial is set up, so that the meridian lines, and 
tonseqaently the edge of the ^omon, may be parallel to the 
nrth'saxis. As thesunonlyshmeson the dial durini:; half the 
day, if the dial fronts the east, it points out the time from sun- 
Wto noon, or, if the dial fronts the west, from noon to night. 




^ These lines are graduated ho as to form a scale of the loga- 
lithms of numbers, sines, and tangents ; to which are some- 
tJines added, for the use of the navigator, lines of the loga- 
rithms of the sine rhumbs and tangent rhumbs. They may 
W constructed as follovrs : — 
1. To comtruct the Line of Zxijjarithmio Ntimbtra ■matAwi'S. 
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— Having fixed upon a convenient length for the entire afldt^ 
which must be exactly equal to the length of twenty of 
primary divisions of the diagonal or vernier scale, or oi 
beam compasses (p. 48), by which it is to be divided, biaeetil 
and figure it 1 at the commencement on the left band, 1 ani 
in the middle, and 10 at the end. The half line, Uien, is tuM 
for unity, or the logarithm of 10, and, consequently, Ai 
whole line represents 2, or the logarithm of 100. IJn 
lengths corresponding to the three first figures of the lofi> 
rithms of 2, 3, &c., up to 9, as found in the common table i 
logs., may now be taken off from the diagonal scale, or tin 
length con-esponding to four or even five figures may be eiti* 
mated upon a vernier scale, or upon the beam compasses, i 
the scale be not less than twenty inches in length. Then 
lengths are to be set off from the 1 at the commencement e( 
the line for the logarithms of 2, 3, &c., to 0, and again froii 
the 1 at the middle of the line for the logarithms of 20, 80, 
<fec., to 90. The divisions thus formed are to be subdividel 
by setting off, in the same manner, the three, four, or ftw 
first figures of the logarithms of I'l, 1*2, 1*3, &o., to 1*9; ol 
21, 2*2, 23, &c., to 2*9, and so on, each of the primary din* 
sions being thus subdivided into ten ; and these again are to 
be subdivided each into ten, or five, or two, as the length of 
the secondary divisions may admit, by setting off the loga* 
rithms of Ml, M2, 1*13, &o.; or of 1*12, 1*14, &o.; or of 
1*15, 1*25, &o.; and the scale is completed. 




9. To construct the Line of Logarithmic Sines marked S.— 
The whole length of the scale is taken as the logarithm of 
tlie radius, and, since this extent upon the line of numbers 
represents 2, or the logarithm of 100, it follows that the lines 
of sines, tangents, &c., are to be scales of the logarithms of 
the sines, tangents, &c., to radius 100, of which the logarithm 
is 2 : whereas the logarithmic tables of sines, tangents, (fee., 
are set down to a radius, of which the logarithm is 10. By 
taking 8, then, from each of the tabulated values of the loga- 
rithmic sines, tangents, <&c., we should obtain the logarithmic 
sines, tangents, &c., to radius 100, and the three, four, or five 
first figures of these reduced values are to be set off, from the 
left hand towards the right, by one of the scales, or by the 
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beam compaasM, as explained in the construction of the line 
of numbers; 1st, for erery 10 degrees, then for eyery degree, 
and then for erery half degree, every 10 minutes, and every 
5 minutes, as fur as the lengtii of ihe several primary divi- 
sions vdll admit. The line is then numbered 1, 2, 3, &c., at 
e^ery d^ee to 10, and afterwards 20, 30, 40, &c., at every 
ten degrees to QO, which stands at the extreme right, since 
sine 90^ equals radius. 

The tabulated logarithmic sine of 34' 23'^ being 80000669, 
will coincide, or nearly so, with the zero point upon our scale, 
and consequently angles smaller than this cannot be taken off 
from the sines. This remark applies equally to the line of 
tangents, the tabulated logarithmic tangent of 34' 23^' being 
80000886. 

Bj taking the extents backwards from right to left, and 
reckoning tbem as forward distances, the line of sines be- 
comes a line of cosecants*, giving us, in fact, the excesses of 
the logarithmic cosecants above the logarithmic radius ; and, 
by taking the complements of the required angles, the line 
of sines becomes a line of cosines when measured forwards 
from left to right, and a line of secants when measured back- 
wards from right to left. 

8. To eonatruet the Line of Logarithmic Tangents marked T. 
— »8 being taken from eacb of the tabulated values of the 
logarithmic tangents up to 45°, the extents corresponding to 
these Talues are to be set off upon the scale, and numbered 
from left to right, in a similar manner to that in which the 
logarithmic sines were set off and numbered upon the line of 
logarithmic sines. The logarithmic tangent of 45"^ extends to 
the extreme right of the scale, coinciding in extent with the 
sine of 90, since tangent 45° equals radius, and the logarithmic 
tangents of the angles from 45° to 90 are measured back- 
wards from the extreme right to the complement of the angle 
required, these extents giving us, in fact, the excesses of the 
logarithmic tangents sought above the logarithmic radius f. 

• Cosecant = -;— , and sec. -■ — ; 
nn.' COS.' 

and, therefore^ log. cosecant *» 2 log. rad. — log. aine ; 

or, log. coiecant — log. rad. » log. rad. — log. sine ; 

mod log. secant » 2 log. rad. — log. cos. ; 

or, log. secant — log. rad. ■» log. rad. — log. cos. 

+ Tan. •■ ■■ •" ' ;: J 

' cotan. tan. of compt. 

•*. log. tan. M 2 log. rad. — log. tan. of compt ; 

cr, log. tan. — log. rad. - log, rad. — loj. \Mi. oi CWK^X. 
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When, then, the angle is greater than 45, the distance £d| 
radius to the angle, though measured backwards upon i 
scale, must be reckoned a forward distance, and vice vend, \ 

The lines of logarithmic sine rhumbs, marked S.R., m 
tangent rhumbs, marked T.R., are fopned in the same wqq 
the lines of logarithmic sines and tangents, but are set I 
for the angles corresponding to the points and quarter pdv 
of the compass, instead of for degrees and minutes. 

We shall now proceed to explain the uses of Gunter*s lim 

1. The Line of Loganthmic Numbers. — The primary db 
sions upon this line, as explained in its construction, repK 
sent the logarithms of all the integers from 1 to 100, wBi 
the extents to the first subdivisions will indicate tenths of i 
unit from the beginning of the scale to 1 in the middle, fli 
units from 1 in the middle to 10 at the end, where iJie figitf 
2, 3, &c., stand for 20, 30, &c., as has been explained in ti 
construction. If any of the subdivisions be further subdiyid 
into ten parts, each of these last divisions will indicate ho: 
dredths of an \mit from 1 at the beginning to 1 in the middj 
and tenths of an unit from 1 in the middle to 10 at the en 
Upon pocket sectors (p. 34), however, upon which Gontei 
lines are now usually placed, affording a greater extent for tl 
purpose than the six-inch plain scale (p. 33), only the pc 
from 1 in the middle to 2 towards the right is a second tu 
divided, and that but into five parts instead of ten, every oi 
of which must be accounted as two-tenths. By this line t 
multiplication and division of numbers of any denominatai 
either whole or fractional may be readily accomplished, que 
tions in proportion solved, and all operations approximative 
performed with great rapidity, which can be performed by tl 
common table of logarithms; but the numbers sought mu 
always be supposed to be divided or multiplied by 10 as mai 
times as will reduce them to the numbers, the logarithms 
which are actually set off upon the line of numbers, and the 
tens must be mentally accounted for in the result. 

Multiplication is performed by extending from 1 on t 
left to the multiplier; and this extent will reach forwar 
from the multiplicand to the product. Thus, if 125 W6 
given to be multiplied by 250, extend the compasses from 
at the left hand to midway between the second and third sb 
division, in the first primary division from 1 to 2, for t 
125. This extent is really the logarithm of 1*25. Set < 
this extent towards the right from the fifth subdivision aft 
the primaxy division marked 2, which is taken to represe 
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the log. of 250, but is really the Ipg. of 2*5, and the compasses 
will reach to a quarter of the next subdivision beyond the first 
subdivision after the primary division marked 3. The extent 
to this point is really the logarithm of 3*125 ; but in this case 
it represents the number 31250, because two powers of ten have 
been cast out from both the multiplier and multiplicand, and 
therefore the product must be multiplied by the product of four 
tens, or ten thousand; or, in other words, the first figure of the 
product must be reckoned as so many tens of thousands. 

Division, being the reverse of multiplication, is performed 
by extending from 1 on the left to the divisor ; and this ex- 
tent will reach backwards from the dividend to the quotient. 
Thus, if 31250 were to be divided by 250, extend the com- 
passes from 1 on the left to 2*5, and this extent will reach 
backwards from 3*125 to 1*25. Then, since the divisor con- 
tained 2 powers of ten and the dividend 4, the quotient must 
contain 2, and therefore the result is 125. 

Proportion being performed by multiplication and division, 
extend the compasses from the first term to the second, and 
this extent will reach from the third to the fourth, taking 
care to measure in the same direction, so that, if the first be 
greater than the second, the third may be greater than the 
iburth, and vice versa./ Example, — If the diameter of a circle 
be 7 inches, and the circumference 22, what is the circum- 
ference of another circle, the diameter of which is 10 ? Ex- 
tend the compasses from 7 to 10, and this extent will reach 
from 22 to 31*4, or nearly 31 J inches, the circumference 
required. 

The same thing may also be performed by extending from 
the first term to the third, and this extent will reach from 
the third term to the fourth (Euc. v. prop. 16). Thus, the 
extent from 7 to 22 will reach from 10 to 31*4, as before. 

To measure a Superficies^ extend from 1 to either the 
breadth or length, both being reduced to the same denomina- 
tion, and this extent will reach forwards from the length or 
breadth to the superficial content. Example, — Required the 
superficial content of a plank 27 feet long by 15 inches broad. 
Extend from 1 to 1*25, for 15 inches equals 1*25 feet, and 
this extent will reach from 27 feet to 33*75 feet, the super- 
ficial content required. 

Second Method, — Extend from 12 to the number of inches 
in the breadth, and this extent will reach in the same direc- 
tion firora the number of feet in the length to the number of 
square feet in the superficial content, TVime \)ci^ ^^\fc\iX Viv 
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wards from 12 to 15 will reach forwards from a7 to 88»76,i 
before ; while the extent backwards from 13 to inll 
backwards from 27 to 20*25 or 20^, showing the •ape..i.i^-(2 
content of a plank 27 feet long bj 9 inches broad to be 8(Hilip 
or 20^ feet. I h 

To measure a Solid Content. — ^The breadth, depth, and lengkl^!: 
being all reduced to the same denomination, extend from 1 til is 
either the breadth or depth, and this extent will reach bttk 
the depth or breadth forwards to a fourth number, which i3 
represent the superficial content of the section at the phos 
measured: then, if the breadth and depth be the same 
throughout the entire length, the extent from I to the sup^ 
ficial content thus found will reach forwards from the lengA 
to the solid content. EwampU. — ^What is the solid content of 
a pillar 1 foot 8 inches square, and 21 feet 9 inches long? 
The extent from 1 to 1*25 reaches forward from 1*25 to 1*66^ 
the superficial content of a section of the pillar; and the ex- 
tent from 1 to 1*56 reaches from 21*75 to 84, or more aoea- 
rately to 33- 93, the solid content in feet*. 

2. TJie Lines of Logarithmic Sines and Tangents. — ^These 
lines are generally used, in connection with the line of nam- 
bers, for solving all proportions in which any of the terms ars 
functions of angles, as sines, tangents, &c., and, in fact, all 
questions in which such quantities appear as factors or din- 
sors. We will exemplify their use by giving the solution, by 
their aid, of the several cases of right-angled trigonometry. 

Case If. The hypothenuse and angles being given, to find 
the perpendicular and base. 

* Oar limits forbid us from entering farther upon the nses of the line of 
logarithmic numbers; but the student will, we hope, from what he sees 
here, be easily enabled to apply it to every case of menramtioD, and, in, 
short, to aknost every arithmeticjcd operation. Additions and sabtaMtioni^ 
however, cannot be performed by it 

f These cases are, in &ct, the solutions, by the aid of Gunter'a lines, of 
the following proportions, which will 
be obvious to the student upon inspeo* 
tion of the accompanying figure. 
Bad. : sin. A : : ab : boI 

: Aoj 



Rad. : sin. b : : ab 
Sin. B : rad. ^ : AO : ab 
Sin. B : sin. A :•: AO : bo 
Bad. : tan. a : : AO : bo 
ab : AO : : rad. : sin. b 
Bad. : sin. a : : ab : bo 
AO : BO : : rad. : tan. a 
bo : AO : : rad. : tan, b 
Sin. A : nd. : : bo : ab 



Case 1. 



> Case 2. 



i'n mm S i,^.^ 
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Case 8. 



Oaie 4. 
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)ie One acute angle oi a right^uigled 

gle being the complement of the otner, 

le sum of the two ncnte angles being 
il to 90°, when one of the acute angles 
iven, the other is also given. 

Solution. — Extend the compass 

>m 90°, of radius, on the line of 

les to the number of degrees in 

ther of the acute angles, and that extent Trill reach back 

ards, on the line of numbers, from the hjpothenuse to the 

ide opposite this angle. Eaoample, — Giren the hjpothenuse 

.B = 250, and the angle a = 35° 80'. 

&0« 0' 

Extend from 90° to 85° 80* on the line ftf sines, and bA0«86_8Q 

this extent will reach from 260 to 146 on the line of ABOte04 80 

numbers . . -. •. •. ... . . . • *« BO » 145 

Extend from 90° to 54° 30' on the line of sines, and this 

f xtent will reach from 250 to 203*5 on the line of numbers *. a o » 203*5 

Case S. The angles, and one side being given, to find the 
hjpothenuse, and the other side. 

Solution. — Extend from the angle opposite the given side 
txy 90°, or radius, on the line of sines, and this extent will reach 
forwards from the given side to the hypothenuse on the line 
of numbers. Again, extend from the angle opposite the given 
side to the angle opposite the required side, and this extent 
will reach in the same direction on the line of numbers, from 
the given side to the required side. Or, extend from radius^ 
or 45°, on the line of tangents^ to the angle opposite the re- 
quired side, and the extent will reach, in the same direction on 
the line of numbers, from the given side to the required side; 
recollecting that, when the angle is greater than 45°, the ex- 
tent is to be taken on the scale backwards from rad. or 45° to the 
complement of the angle, but is to be reckoned a forward dis- 
tance, the logarithmic tangents of angles greater than 45° ex- 
ceeding the logarithmic tangents of 45°, or radius, by as much as 
the logarithmic tangents of their complements fall short of it. 
Example. — Given the angle a = 35° 30' and side a c = 203*5. 

90» (y 

Extend from 54" 80' to 90', or rad., upon the line of sines, BAO- 85 80 

and this extent will reach forwards from 203*5 to 250 abob>54 80 

on the line of numbers *. ab=3 250 

Again, extend from 54° 80' backwards to 85° 80', on the 
line of sines, and this extent will reach backwards from 

29d*d to 145 on the line of numbers *. B0tel4 

Or extend backwards from 45^ rad., to 85" dO' on the line of tangent 
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and thig extent will reach backwards from 203*5 to 145 ou the Hue dma^ 
bers, as before *. Br 

Case 3. The hypothenuse and one side being given, to 
the anjgles and the other side. 

Solution.— 'Exiend from the hypothenuse to the given tak\ 
on the line of numbers, and this extent will reaclf from dO 
rad. to the angle opposite the given side upon the line rf;] 
sines. The other angle is the complement of this. Exteoi 
upon the line of sines from the rad. to the angle last foaDd, 
which is opposite the required side, and this extent will readi 
from the hypothenuse to the required si^e. Example. — Grm 
the hypothenuse ab = 250, and the side AC=Ji03*5. 

Extend backwards from 250 to 203*5 on the line of num- 
bers, and this extent will reach from SO*" to 54° 30' on 90' V 
the line of sines *. abos54 80 

Extend from 90 to 35^^ 30' on the line of sines, and this BAO=s35j30 
extent will reach backwards from 250 to 145 ou the 
line of numbers .*. bo»US 

Case 4. The two sides being given, to find the angles and 
the hypothenuse. 

Solution. — Extend from one side to the other upon the 
line of numbers, and this extent will reach backwards upon 
the line of tangents from rad. to the least angle, and to the 
same point, considered as a forward distance, representing the 
greatest angle, which is the complement of the least. Again, 
extend on the line of sines from one of the angles just found 
to rad., and this extent will reach from the side opposite the 
angle taken to the hypothenuse. Example. — Given ac =203*5 
and BO = 145. 

Extend backwards upon the line of numbers from 203*5 
to 145, and this extent will reach backwards from 45° 
to 35° 80' on the line of tangents, which is the angle 90" 0' 

opposite the side 145 *. bao=:35 30 

If we measure forwards from 145 to 203*5, then from rad. 
to 35° 30' is to be considered a forward distance, and the 
angle to be taken as the complement of 35° 30', that 
is, 54° 30', which is the angle opposite the side 
203-5 •. ABO=54 30 

Again, extend from 33° 38' to 90° on the line of sines, 
and this extent will reach from 145 to 250 upon the 
line of numbers •. A B = 250 

* The property that tan. : rad. : : sine : cosine, may be made a test of 
the accuracy of the scale, since the distance from 45 to any angle upon the 
line of tangents ought to be the same as the distance from the angle to its 
complement upon the line of sines. 
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THE PLAIN SCALE. 

One of these instruments is represented in the annexed 
Sgure, being such a one as is usually supplied with a pocket 
zase of instruments. It is made of ivory, six inches long, and 
3ne inch and three quarters broad. On the face of the in- 
strument represented in the engraving, a protractor is formed 
round three of its edges for readily setting off angles. In 




using this protractor, tho fourth edge, which is quite plain, 
with the exception of a single stroke in the middle, is to be 
made to coincide with the line from which the angle is to be 
set off, and the stroke in the middle with the point in this 
line, at which the angle is to be set off ; a mark is then to be 
made with the pricking point, at the point of the paper which 
coincides with the stroke on the protractor, marked with the 
number of degrees in the angle required to be drawn ; and, 
the protractor being now removed, a straight line is to be 
drawn through the given point in the given line and the 
point thus pricked off. The instrument has on the same face 
the two diagonal scales already described (p. 10), and on the 
opposite face scales of equal parts, and several of the protract- 
ing scales already described (pp. 14-16), according to the pm:- 
poses to which the scale is to be applied: thus, for laying 
down an ordinary survey, we merely require scales of equ^d 
parts, and a line of chords, and these consequently are all the 
lines placed on many of the instruments in the pocket cases ; 
but for projecting maps, lines of sines, tangents and semitan- 
gents are required ; for dialling, the dialling lines ; and for the 
purposes of the navigator, the lines of rhumbs, and longitudes, 
the whole of Gunter's lines already described, and two lin^s of 
meridional, and equal parts to be used together in laying down 
distances, &c., upon Mercator's ^charts. The plain scale is 
sometimes fitted with rollers, as represented in our engraving, 
making it at the same time a convenient small parallel rule. 

THE SEOTOB. 

This valuable instrument may well b^ called ^tl xvxvv^^^saL 
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Ecale. By its aid all questions in proportion m&j be MMflK>' 
lines may be divided either equally or unequally into a 
number of parts that may be desired ; the angnlar fnooli 
viz., chords, sines, tangents, Ac., maybe eetoffor measoK 
any radius whatever : plans and dramngs hut be redooetn 3 
enlarged in any required proportion ; and, la snort, every Vftm 
ration in geometriud drawing may be perfonned by the liigll 
this instrument and the compasses only. 

The name sector ia derived from the tenth definition of dia Ie 
thud Book of Euclid, in which this name is ^ven to du I 
figure contained by two radii of a circle, and the mrcomfettDa I 
between them. The instrument consists of two eqoal nden, I 
called legs, which represent the two radii, moveable aloot I 
the center of a joint, which center represents the center of the I 
circle. The legs can consequently be opened so as to con' 
any angle whatever, or completely opened oat until their ei 
come into the same straight line. 

Sectors are made of different edzes, and their Imgth ti 
usually denominated from that of the legs when ahat tf^thsr. ' 
Thus, a sector of six inches, such as is supplied in th« c(~~ 
mou pocket cases of instruments, forms a rule 
of twelve inches, when opened ; and this cir- 
cumstance is taken advantage of, by filling up 
the spaces not occupied by the sectoral Uses 
with such hnea as it is most important to lay 
down upon a greater length than the six-inch 
plain scale will admit Among these the most 
usual are (] ) the lines of logarithmic numbers, 
sines, and tangents already described (pp. S5- ! 
38); (Q) a scale of IS inches, in which each 
inch is ^videdinto ten equal parts; and (3) a 
foot divided into ten eqiul primary divisions, 
each of which ia subdivided into ten equal 
parts, so that the whole is divided into 100 
equal parts. The last-mentioned is called tbe 
decimal scale, and is pieced on the edge of the 
instrument. 

The teetoral Kne* proceed in pairs from the 
center, one line of each pair on either leg, and 
are. upon one &ce of the instrument, a pair of 
scales of equal parts, called the line of lines, 
and marked l; a pair of lines of chords, 
marked c ; a pair of lines of secants, marked 
s; a pair of lines of polygons, marked pol, (l 
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Upon the other face, the sectoral lities are — a pair of lines of 
sines, marked n; a pair of lities of tangents lip to 45^ marked 
T ; and a second Ime of tangents tb a lesset nldius, eitending 
from 45^ to 76°. 

Each pair of sectoral lines, etcept the line of polygon^, 
shoald he so adjusted as to make equal angles at the center, 
so that the distances from the center to the corresponding 
divisions of any pair of lines, and the transverse distance 
between these divisions, may always forin similiir triangles. 
On many instruments, however, the pairs of lines of secants, 
and of tangents from 45° to 75°, make angles at the center 
equal to one another, hut unequal to the angle made hy all 
the other pairs of lines. 

The solution of questions on the sector is said to he simple, 
when the work is begun and ended upon the same pair of lines; 
compound f when the operation is begun upon one pair of lines 
and finished upon another. 

In a compound solution the two psdrs of lines ttsfed must 
make equal angles at the center, and, consequently, in the 
exceptional case mentioned abote, the lines of secants and of 
tangents above 45° cannot be used in connection with the 
other sectoral lines *. 

When a measure is taken on any of the' sectoral lines be- 
ginning at the center, it is called a lateral distance; but, 
when a measure is taken from any point on one line to its 
corresponding point on the line of the same denomination on 
the other leg, it is called a transverse or parallel distance. 

The divisions of each sectoml line are 
contained within three parallel lines, 
the innermost being the line on which 
the points of the compasses are to be 
placed, because this is the only line of 
the three which goes to the center, and 
is therefore the sectoral line. 

On the Principle of the Use of the 
Sectoral Lines. — 1st. In the case of a 
Simple Solution. — Let the lines a n, 
A c represent a pair of sectoral lines, 

• Since, howerer, secant : rad. : : rad. : cosine ; 

and tangent : rad. : : rad. : cotangent ; 
the line of sines may be used with the other sectoral lines in place of the line 
of ncantt, and the line of tangents less than 45** in pkce of the line cf tnn- 
nntf peater than 45", the complements of the angles being taken upon these 
ones, m either case, instead of the angles tbemseWes. Bee i^^e 4t« 
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and B G, D E, any two transverse distances taken on this pair 
of lines ; then, from the construction of the instrument, we 
have A B equal to a c, and a d equal to a e, so that a b : ac : : 
A D : A E, and the triangles a b c and a d e have the angle at 
a common, and the sides about this common angle propor- 
tional (Euc. vi. prop. 6) ; they are, therefore, simflar and— 

ab:bg::ad:de. 

In the case of a compound solution, the angles at a are equal, 
but not common, and the reasoning is, in all other respects, 
exactly the same. 

uses of the line of lines. 

To find a Fourth Proportional to three given Lines. — Set 
off from the center a lateral distance equal to the first term, 
and open the sector till the transverse distance at the division 
thus foimd, expressing the first term, is equal to the second 
term ; again, extend to a point whose lateral distance from the 
center is equal to the third term, and the transverse distance 
at this point will be the fourth term required. 

If the legs of the sector will not open far enough to make 
the lateral distance of the second term a transverse distance 
at the division expressing the first term, take any aliquot part 
of the second term, which can conveniently be made such 
transverse distance, and the transverse distance at the third 
term will be the same aliquot part of the fourth proportional 
required. 

A third proportional to two given lines .is found by taking 
a third line equal to the second, and finding the fourth pro- 
portional to the three lines. 

Example. — To find a fourth proportional to the numbers 2, 
5, and 10. Open the sector till the lateral distance of the 
second term 5 becomes the transverse distance at 2, the first 
term; then the transverse distance at 10 will extend, as a 
lateral distance, from the center to 25, the fourth proportional 
required. 

To bisect a given Straight Line. — Take the extent of the 
line in the compasses, and open the sector till this extent is a 
transverse between 10 and 10 on the line of lines: then the 
transverse distance from 5 to 5, on the same pair of sectoral 
lines, gives the half of the line, and this extent set off from 
either end will bisect it. 

To divide a Straight Line into any Number of equal Parts.--^ 
1. When the number of parts are a power of 3, the operations 
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are best performed by continual bisection. Thus, let it be 
required to divide the line a b into sixteen equal parts. 
1. Make a b a transverse distance between 10 and 10 on the 

J i J i A W {» J i> k ^ A A ja ji J» A 

line of lines ; then take off the transverse distance of 5 and 5, 
and set it off from a or* b to 8, and a b will be divided 
into two equal parts at the division 8. 2. Make a 8 a 
transverse distance at 1 0, and then the transverae distance at 
6, set off from a or* 8 at 4, and from b or* 8 at 12, will 
divide the line into four equal parts at the divisions 4, 8, and 
12. 3. Make the extent a 4 a transverse distance at 10, and 
the transverse distance at 5 will again bisect each of the parts 
last set off, and divide the whole line into eight equal parts 
at the divisions 2, 4, 6, 8, 10, 12, and 14. Each of these 
may be again bisected by taking the transverse distance at 2^ 
or 2 5, that is, at the middle division between the 2 and the 
3 upon the line of lines, and the line will be divided as 
required. 

When the divisions become smaller than can be conve- 
niently bisected by the method just explained, the operation 
may still be continued to any required extent by taking the 
extent of an odd number of the divisions already obtained as 
the transverse distance of 10 and 10, and setting off the half 
of this extent, or the transverse distance at 5, from the several 
divisions already obtained. Thus, in the preceding example, 
by making the extent of three of the divisions, or five, or seven, 
a transverse distance at 10, the transverse distance at 5, set 
off from the several divisions already obtained, will divide a b 
into 32 equal parts. 

2. When the number of parts is not a power of 2, the opera- 
tions cannot all be performed by bisections ; but still, by a 
judicious selection of the parts into which the line is first 
divided, many of the after operations may be performed by 
bisections. Example, — Let it be required to divide the line 

kr ^ i i i il !. b 

A b into seven equal parts. 1. Make the whole extent, a b, a 
transverse distance between 7 and 7 on the line of lines ; then 

* Chreater accuracy is obtained by setting off the distance from both 
endi of the extent to be bisected, and then, in case the two points so foand 
do not accurately coincide, taking the middle point between them, as near 
M the eye can judge, for the true point of bisection. 
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take off the transverse distance of 4 and 4, and set it off frott i 
and B to 4 and 3. 3. Make this extent from a to 4 a train- 
verse distance at 10 ; then the titosverse distance at 5 bisects 
A 4 and 3 b in 2 and 5 ; set off from 3, gives 1, and from 4 
gives 6 ; and thus the line A b is divided into seven eqoll 
parts as required. 

To open the Sector so that the Line of Lines may answer for 
any required Scale of equal Parts. — Take one inch in the com- 
passes, and open the sector, till this extent becomes a trans- 
verse distance at the division indicating the number of parte 
in an inch of the required scale ; or, if there be not an inte- 
gral number of parts in one inch, it will be better to take 
such a number of inches as will contain an integral number 
of parts, and make the extent of this number of inches, if it 
be not too great, a transverse distance at the division indi- 
cating the number of parts of the required scale in this extent. 

Example. — To adjust the Sector as a Scale of One Inch to 
Four Chains. — Make one inch the transverse distance of 4 
and 4 ; then the transverse distances of the other correspond- 
ing divisions and subdivisions will represent the number of 
chains and links indicated by these divisions : thus, the trans- 
verse distance from 3 to 3 will represent three chains ; the 
transverse distance at 4*7, or the seventh principal subdivi- 
sion after the primary division marked 4, will represent 4 
chains 70 links, and so on. 

To construct a Scale of Feet and Inches in such a manner 
that an extent of Three Inches shall represent Twenty Indies, — 

1. Make three inches a transverse distance between 10 and 
10, and the transverse distance of 8 and 8 will represent 16 
inches. 2. Set off this extent from a to b, divide it by con- 
tinual bisection into 16 equal parts, and place permanent 
strokes to mark the first 12 of these divisions, which will 
represent inches. 3. Place the figure 1 at the twelfth stroke, 
and set off again the extent of the whole 12 parts, from 1 to 

2, 2 to 3, &c., to represent the feet. 

As an Example of the Use of the Line of Lines in redticifig 
LineSy let it he required to reduce a drawing in the Proportion 
of 5 to 8. — Take in the compasses the distance between two 
points of the drawing, and make it a transverse distance at 
8 and 8 ; then the transverse distance of 5 and 6 will be the 
distance between the two corresponding points of the copy. 
2. These two points having been laid down, make the dis- 
tance between one of them and a tbdrd point a transverse dis- 
tance at 8, and with the transverse distance at 5 describe, from 
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that point as center, a small arc. 8. Repeat the operation 
^ith the other p^int, and the intersection of the two 
small arcs will give the required position of the third- 
point in the copy. In the same manner all the other 
points of the reduced copy may he set off, each one from 
two points previously laid down. 

LINE OF CHORDS. 

The double scales of chords upon the sector are more 
generally useful than the single line of chords described 
on the plain scale ; for, on the sector, the radius with 
which the arc is to be described may be of auy length 
between the transverse distance of 60 and 60 when the 
legs are close, and that of the transverse of 60 and 60 
when the legs are opened as far as the instrument will 
admit of : but, with the chords on the plain scale, the 
arc described must be always of the same radius. 

To protract or lay dotvn a right-lined Angle b A o, 
which shall contain a given number of Degrees, suppose 
46°. — Case 1. When the angle contains less than 60^ 
make the transverse distance of 60 and 60 equal to the 
length of the radius of the circle, and with that opening 
describe the arc b o. (Fig. at page 40.) Take the 
transverse distance of the given degrees 46, and lay 
this distance on the arc from the point b to c. From 
the center a of the arc draw two lines a o, a b, each 
passing through one extremity of the distance b c laid 
on the arc ; and these two lines will contain the angle 
required. Case JJ. When the angle contains more than 
60**, Suppose, for example, we wish to form an angle 
containing 148°. Describe the arc bod, and make 
the transverse distance of 60 and 60 equal the radius 
as before. Take the transverse distance of ^ or ^, &c., 
of the given number of degrees, and lay this distance 
on the arc twice or thrice, as from b to a, a to b, and 
from b to D. Draw two lines connecting b to a, and a 
to D, and they will form the angle required. llj< 

When the required angle contains less than 5°, sup 
pose 3 J, it will be better to proceed thus. With the given 
radius, and from the center a, describe the arc n o ; and from 
some point, D, lay off the chord of 60°, which suppose to give 
the point o, and also from the same point d lay off in the same 
direction the chord of 66^° (=c 60° — 8^°), which would give 
the point e. Then through these Vwo '^mta y. sxid ^^ dxftw 
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lines to the point a, and tbey 
will represent the angle of 3|° 
as required. 

From what has been said 
about the protracting of an 
angle to contain a given number 
of degrees, it will easily be seen 
how to find the degrees (or 
measure) of an angle already 
laid down. 



LINE OF POLYGONS. 

The line of polygons is chiefly useful for the ready divisioi 
of the circumference of a circle into any number of eqiial 
parts from 4 to 12; that is, as a ready means to insoribe 
regular polygons of any given number of sides, from 4 to 12| 
within a given circle. To do which, set off the radius of the 
given circle (which is always equal to the side of an inscribed 
hexBgon) as the transverse distance of 6 and 6, upon the line 
of polygons. Then the transverse distance of 4 and 4 will be 
the side of a square; the transverse distance between 6 and 
5, the side of a pentagon ; between 7 and 7, the side of a 
heptagon ; between 8 and 8, the side of an octagon ; between 
9 and 9, the side of a nonagon, dc, all of which is too plain 
to require an example. 

If it be required to form a polygon, upon a given right 
line set off the extent of the. given line, as a transverse dis- 
tance between the points upon the line of polygons, answering 
to the number of sides of which the polygon is to consist ; as 
for a pentagon between 5 and 5 ; or for an octagon between 
8 and 8 ; then tho transverse distance between 6 and 6 will 
be the radius of a circle whose circumference would be divided 
by the given line into the number of sides required. 

The line of polygons may likewise be used in describing, 
upon a given line, an isosceles triangle, whose angles at the 
base are each double that at the vertex. For, taking tho 
given line between the compasses, open the sector till that 
extent becomes the transverse distance of 10 and 10, then 
the transverse distance of 6 and 6 will be the length of each 
of the two equal sides of the isosceles triangle. 

All regular polygons, whose number of sides will exactly 
divide 360 (the number of degrees into which all circles are 
supposed to be divided) without a remainder, may likewise be 
set off upon the circumference of a circle by the line of chords. 
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IU8, take the radius of the circle beti/^een the compasses, aud 

Bn the sector till that extent becomes the transverse distance 

itween 60 and 60 upon the line of chords ; then, having di- 

ided 360 by the required number of sides, the transverse 

Stance between the numbers of the quotient will be the side 

. €rf the polygon required. Thus for an octagon, take the dis- 

"tance between 45 and 45 ; and for a polygon of 36 sides take 

the distance between 10 and 10, &c. 

LINES OF SINES, TANGENTS, AND SECANTS. 

Given the Raditis of a Circle (suppose equal to two inches); 
required the Sine and Tangent of 28° 30'' to that Radius. — 
Open the sector, so that the transverse distance of 90 and 90 
on the sines, or of 45 and 45 on the tangents, may be equal 
to the given radius, viz., two inches; then will the transverse 
Stance of 98° 30', taken from the sines, be the length of 
that sine to the given radius, or, if taken from the tangents, 
'Will be the length of that tangent to the given radius. 

But, if the Secant of 28° 30' is required, make the given 
J^ius of two inches a transverse distance of and 0, at the 
beginning of the line of secants, and then take the transverse 
distance of the degrees wanted, viz., 28° 30'. 

A Tangent greater than 45° {suppose 60°) is thus found: — 
Make the given radius, suppose two inches, a transverse dis- 
tance to 45 and 45, at the beginning of the line of upper tan- 
gents, and then the required degrees (60) may be taken from 
the scale. 

The tangent, to a given radius, of any number of degrees 
greater than 45° can also be taken from the line of lower tan- 
gents, if the radius can be made a transverse distance to the 
complement of those degrees on this line (see note, page 35). 

Example. — ^To find the tangent of 78° to a radius of two 
inches. Make two inches a transverse distance at 12 on the 
lower tangents, then the transverse distance of 45 will be the 
tangent of 78°. 

In like manner the secant of any number of degrees may 
be taken from the sines, if the radius of the circle can 
be made a transverse distance to the complement of those 
degrees upon this line. Thus making two inches a transverse 
distance to the sine of 12°, the transverse distance of 90 and 
90 wUl be the secant of 78°. 

To find, by means of the lower tangents and sines, the de- 
grees answering to a given line, greater than the radius which 
expresses the length of a tangent or secant to a given radius. 
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For a tangent, make the given line a transverse distance al 
45 on the lower tangents ; then take the extent of the givet 
radius, and apply it to the lower tangents ; and the comply 
ment of the degrees at which it becomes a transvenc 
distance will be the number of degrees required. For i 
secant make the given line a transverse distance at 90 ol 
the sines; then the extent of the radius will be a tiaof' 
verse distance at the complement of the number of degrdd 
required. 

Given the Length of the Sine, Tangent^ or Secant of awf 
Degrees J to find the Length of ths Radius to that Sine, TangmUt 
or Secant, — Make the given length a transverse distance toiti 
given degrees on its respective scale. Then, 



If a sine ^ ^i,. «..-_. /90 and 90 on the sines ^ will be 

I f a tangent under 45« L Jerae disi J ^* *"*^ ^* o" ^**® tangents f the ni- 

If a tangent above i5^ rtAnro np) ^ ^°^ ^ o" ^^^ upper tangents (dius 
If a secant j mnee "I (^0 and on the secants J sought 



To find the Length of a versed Sine, to a given Number oj 
Dejrees, and a given Badius. — 1. Make the transverse dis- 
tance of 90 and 90 on the sines equal to the given radios. 
S. Take the transverse distance of the sine of the oom- 
plement of the given number of degrees. 3. If the given 
number of degrees be less than 90, subtract the distance 
just taken, viz., the sine of the complement, from the radius, 
and the remainder will be the versed sine: but, if the 
given number of degrees are more than 90, add the corn- 
piemen t of the sine to the radius, and the sum will be the. 
versed sine. 

To open the legs of a Sector^ so that the corresponding 
double Scales of Lines^ Chords, Sines, and Tangents may maik$ 
each a right Angle, — On the line of lines make the lateral dis- 
tance 10, a transverse distance between 8 on one leg, and 6 
on the dther leg. 

On the line of sines make the lateral distance 90, a trans- 
verse distance from 45 to 45 ; or from 40 to 50 ; or from 30 
to 60 ; or from the sine of any degree to their complement 

On the line of sines make the lateral distance of 45 a trans- 
verse distance between 30 and 30. 

MARQuois's SCALES. (Plate II. Fig. 3.) 

These scales consist of a right-angled triangle, of which 
the hypothenuse or longest side is three times the length of 
the shortest, and two rectangular rules. Our figure, which is 
drawn one-third the aotual size of the instruments from which 
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it is taken, represents the triangle and one of the rales, as 
l>oing used to draw a series of parallel lines. Either role is 
one foot long, and-has, parallel to each of its edges, two scales 
one placed close to the edge and the other immediately within 
this, the outer being termed the artificial, and the inner, the 
natural scale. The divisions upon the outer scale are three 
times the length of those upon the inner scale, so as to hear 
the same proportion to each other that the longest side of the 
triangle bears to the shortest. Each inner, or natural scale, 
is, in fact, a simply divided scale of equal parts (see p. 9), 
having the primary divisions numbered from the left hand to 
the right throughout the whole extent of the rule. The* first 
primary division on the left hand is subdivided into ten equal 
parts, and the number of these subdivisions in an inch is 
marked underneath the scale, and gives it its name. On 
one of the pair of Marquois's scales now before us, we have, 
on one face, scales of 80 and 60, on the obverse scales of 
25 and 50, and on the other we have on one face scales of 35 
and 45, and on the obverse scales of 20 and 40. In the arti- 
ficial scales the zero point is placed in the middle of the edge 
of the rule, and the primary divisions are numbered both 
ways from this point to the two ends of the rule, and are, 
every one, subdivided into ten equal parts, each of which is, 
consequently, three times the length of a subdivision of the 
corresponding natural scale. 

The triangle has a short line drawn perpendicular to the 
hypothenuse near the middle of it, to serve as an index or 
pointer ; and the longest of the other two sides has a sloped 
edge. 

To draw a lAne parallel to a given Line, at a given Distance 
from it. — 1. Having applied the given distance to the one of 
the natural scales which is found to measure it most con- 
veniently, place the triangle with its sloped edge coincident 
with the given line, or rather at such small distance from it, 
that the pen or pencil passes directly over it when drawn along 
this edge. 2. Set the rule closely against the hypothenuse, 
making the zero point of the corresponding artificial scale 
coincide with the index upon the triangle. 8. Move the tri- 
angle along the rule, to the left or right, According as the re- 
quired line is to be above or below the given line, until the 
index coincides with the division or subdivision corresponding 
to the number of divisions or subdivisions of the natural 
scale, which measures the given distance ; and the line drawn 



44 MATHEICATICAL INSTRUMENTS. 

along the eloped edge in its new position will be the lim 
required*. 

NoU, — The natural scale may be uted advantageously in settmg off th 
distances in a drawing, and the corresponding artificial scale in diavim 
parallels at required distances. 

To draw a Line perpendictdar to a given lAnefrom a gim 
Point in it, — 1. Make the shortest side of the triangle ooifr 
cide with the given line, and apply the rule closely agaixal 
the hypothenuse. 2. Slide the triangle along the rule until 
a line drawn along the sloped edge passes through the givei 
point ; and the line so drawn will he the line required. 

The advantages of Marquois's scales are : 1st, that the sight 
is greatly assisted by the divisions on the artificial s^e 
being so much larger than those of the natural scale to whidi 
the drawing is constructed ; 2nd, that any error in the setting 
of the index produces an error of but one-third the amount 
in the drawing. 

If the triangle be accurately constructed, these scales may 
be advantageously used for dividing lines with accuracy and 
despatch ; our figure, as well as the sliding rule (fig. 4), vas 
drawn by the aid of Marquois's scales alone. 

We proceed to explain a method which we have found to 
answer well for dividing lines with accuracy and despatch, 
and which is altogether independent of any error in the con- 
struction of the triangle. 

Let ab represent the .. d 

line to be divided into any 
number, n, of equal parts ; 
select one of the natural 
scales, of which n divisions 
or some multiple p n oi 
n divisions, are nearly 
equal to a 6, but less than it ; then setting the sloped edge of 
the triangle perpendicular to a b, so that a line drawn along 
it passes through a, place the rule closely against the hypo- 
thenuse, making a division of the artificial scale, corresponding 

* If A B represent the triangle in its new position^ and the dotted lines 
represent its original position, we have, 
by similar triangles, A %o, a' A D, D 

ad:aa'::bo:ba i^""-".""T 

: : 1 : 3 ; 
and therefore A D contains as many 
divisions of the natural as a a' con- 
tains of the artificial scale. 
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to the selected natural scale, coincide with the index upon 

the triangle ; and, moving the triangle along^ to the rule to 

the right, until the index coincides with the p nth division from 

that to which it was set, draw a line along the sloped edge 

intersecting ah in c. Upon a 6 as hypothenuse describe the 

light-angled triangle abd^ having the side a d equal to a c, 

and placing the sloped edge of the triangle perpendicular to 

ad, so that a line drawn cdong it passes through aor d; slide 

the triangle along the rule to the right or left, and drawing a 

line as the index comes into contact with every jpth division of 

the artificial scale, the line will be divided as required. 

THE YEBNiEB. (Plate II. Figs. I and 2.) 

The property of this ingenious little subsidiary instrument 

will be readily comprehended from what has been already said 

of the construction and use of a vernier scale (p. II). It is 

so constructed as to slide evenly along the graduated limb of 

an instrument, and enables us to measure distances, or read 

off observations, with remarkable nicety. In the vernier scale 

before described, the divisions on the lower or subsidiary scale 

were longer than those on the upper or primary scale ; but 

in the vernier now to be described the divisions are usually 

shorter than those upon the limb to which it is attached, the 

length of the graduated scale of the vernier being exactly 

equal to the length of a certain number (n — 1) of the divisions 

upon the limb, and the number (n) of divisions upon the 

vernier being one more than the number upon the same 

length of the limb. 

Let, then, l represent the length of a division upon the 
limb, and v, the length of a division upon the vernier : 
80 that (» — 1) L = w V ; 

and therefore l — v = l l = - l ; 

n n 

or the defect of a division upon the vernier from a division 

open the limb is equal to the nth part of a division upon the 

limb, n being the number of divisions upon the vernier *. 

* Ifn diyiaions of the vernier were equal to {n'\-l) divisions of the limb, 

or (»4-1)l = »v, 

»+l 1 

then would v — L ^= l — l = -l; 

n 11 

Of tbe excess of a division upon the vernier above a division updn the limb 

would be equal to the nth part of a diyision upon the limb. With this 

■mngement, however, we should haye the inconvenience of reading tho 

vernier backwards. 
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In fig. I, six divisions of the Termer are equal to five iM 
sious of the limb, and, consequentlj, the above defect, i 
L — Y, is equal to a sixth part of a division upon the limb, i 
to $20^ since a division of the limb is equal to 2°. 

In fig. % ten divisions of the vernier are equal to nine dill 
sions of the limb, and, consequently, I4 — y is equal to a tend 
part of a division upon the Hmb, or to the hundredth partH 
an inch, a division €d the limb being equal to the tend» pri 
of an inch. r 

In reading off we must first look to the lozenge, as pcMil 
ing out the exact place upon the limb at which Uie requiisj 
measurement is indicated. If, then, the stroke upon thi 
vernier at the lozenge exactly coincides with a stroke upoi 
the limb, the reading at this stroke gives the measurenuml 
required; but, if the stroke at the lozenge be a distamf 
beyond a stroke upon the limb, then will this distance )i 
equal to once, or twice, or thrice, &c., the difference of S 
division upon the limb and upon the vernier, according as tbi 
stroke at tlie end of the first, or second, or third, Ao., ditb 
sion upon the vernier coincides with a stroke upon the limb. • 

In fig. 1 the stroke upon the vernier at the lozenge Uk 
beyond the stroke indicating 22° upon the limb, and tbi 
stroke at the end of the second division upon the vemiir 
coincides with a stroke upon the limb ; the reading therefore 
is 92° 40'. 

In fig. 2, the stroke upon the vernier at the lozenge faUf 
beyond the stroke indicating one inch and three-tenthi 
upon the limb, and the stroke at the end of the sixth division 
upon the vernier coincides with a stroke upon the limb : the 
reading, therefore, is 1*36 inches, or one inch three tenths 
and six hundredths. 

The limbs of the best sextants are now divided at every 10 
minutes, and 59 of these parts are made equal to 60 divisions 
of tlieir verniers. In this case 

^ ^-60^60'"""^" ' 

so that these instruments can be read off by the aid of their 
verniers to an accuracy of 10 seconds. The verniers occupy 
on the limbs spaces equal to 9° 60' *. 

* That is, according to tlie graduation of the instrument ; but, as th« 
angles observed by a sextant are double the angles moved over by the in- 
dex, the limb of the instrument is graduated, as though it were double the 
size ; so that the vemiers really occupy an arc of 4^ 55' only. 
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The limbs of small theodolites are generally divided at 
•▼ery 30 minutes, and 29 of these parts are made equal to 80 
divisions of their yemiers, nvhich therefore enables us to read 

cm to au accuracy of j— 7, or 1 . 

In the mountain barometer *, the scale being divided into 
<|^ths of an inch, 9 of these parts are made equal to 10 
diTisions of the vernier, which therefore enables us to read 
off to an accuracy of y/^^ths of an inch. 

In the above explanations we have only considered tbe 
ease of an exact coincidence between some one of the strokes 
upon the vernier and a stroke upon the limb. Suppose now 
that in fig. 1 the stroke at the end of the second division, in- 
stead of coinciding with a stroke upon the limb, fell a little 
beyond it, while ine stroke at the end of the third division 
feu a Httle short of a stroke upon the limb ; then the measure- 
ment indicated would be something between 22° 40' and 23", 
wbich the observer, should there be no other mechanism at- 
tached to the remier, must estimate by guess, according to 
the best of his judgment. By the aid, however, of a piece of 
mechanism, which is called a micrometer, and which we pro- 
ceed to describe, the excess of the angle indicated above 
22° 40' might be exactly computed. 

The instrument having been nearly set by the hand alone, 
the vernier is fixed in this position by turning a screw, called 
the clamping screw, which is shown on the top of tbe vernier 
io fig. S, but is not seen in fig. 1, being at the back of the 
instrument The instrument is then set more accurately by 
the screw at the side of the vernier, shown in both figures, 
which gives a slow motion to the vernier plate, and to the 
limb or index bar attached to the vernier. This screw is 
called a tangent or slow motion screw, and the micrometer 
consists of a graduated cylindrical vamBmj-/ 

head, bb, attached to this screw, and ^r — , — _j_7z — 
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an index, i, attached to the vernier. 

Suppose, now, the tangent screw to 

be of that fineness that, whilst it is 

turned once round, by means of the milled head h, so that 

the graduated headBB makes one complete revolution, the 

venuer is advanced on the limb of the instrument, a distance 

• Keatn. Frankham, of Wilson Street, Gray's Inn Boad, are the prin- 
cipal mann&ctiiren of all kinds of barometers and thermometers. The 
ler can vouch for their extreme accuracy. 
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equal to the difference of a divisiou of the limb» and d 
vernier : then, in fig. 1, one revolution of the screw ad^ 
the vender a distance equal to 20' ; and, if the cylind 
head bb be divided into 60 equal parts, a revolution of tbl 
screw through one of these parts would advance the verni* 
distance equal to 20''. 

Suppose, then, that in the illustration above given the sctef { 
has to be turned back, so that 14 of these graduations ^ 
the index i, in order to bring the stroke at the end of 48- 
second division upon the vernier into coincidence with a 
stroke upon the limb ; then the corresponding space mo?ei 
through by the vender would be equal to 20" x 14, or 4' 40*, 
and the reading of the instrument would be 22° 44' 40". 

Similarly, by means of a micrometer divided into ten epi 
parts, a distance to the thousandth part of an inch maybe 
read off by the vernier in fig. 2. If the micrometer in tluB 
case were divided into one hundred equal parts, a distance 
might be read off to the ten- thousandth part of an inch; (K 
the same effect may be produced by dividing the micrometei 
into ten equal parts, and making the screw of such finenefi 
that ten complete revolutions move the vernier through i 
distance equal to the difference of a division of the limb aii( 
of the vernier, or the hundredth part of an inch. 

THE BEAM COMPASSES. 




The above engraving represents this instrument, which co 
sists of a beam, a a, of any length required, generally men 
of well- seasoned mahogany. Upon its face is inlaid througl 
out its whole length a slip of holly, or boxwood, a a, up( 
which are engraved the divisions or scale, either feet ai 
decimals, or inches and decimals, or whatever particular sea 
may be required. Those made for the use of the persons e 
gaged on the Ordnance survey of Ireland were divided tc 
scale of chains, 80 of which occupied a length equal to & 
inches, which, therefore, represented one mile, six inches 
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te mile being the scale to which that important survey is 
dotted *. Two brass boxes, b and o, are adapted to the 
>am ; of which the latter may be moved, by sliding, to any 
I part of its length, and fixed in position by tightening the 
clamp screw e. Connected with the brass boxes are the two 
I points of the instrument, a and h, which may be made to have 
I ' Waj extent of opening by sliding the box c along the beam, 
^ f the other box, b, being firmly fi^ed at one extremity. The 
f object to be attained, in the use of this instrument, is the 
f nico adjustment of the points a, h, to any definite distance 
^ apart. This is accomplished by two vernier f or reading 
t plates, by c, each fixed at the side of an opening in the brass 
f boxes to which they are attached, and affording the means of 
[• minutely subdividing the principal divisions, a a, on the 
I beam, which appear through those openings, d is a clamp 
i screw for a similar purpose to the screw e, namely, to fix the 
I box B, and prevent motion in the point it carries after ad- 
[ justment to position, f is a slow motion screw, by which the 
f point o may be moved any very minute quantity for perfecting 
[ the setting of the instrument, after it has been otherwise set 
\ as. nearly as possible by the hand alone. 

The method of setting the instrument for use may be un- 
. derstood from the above description of its parts, and also by 
the following explanation of the method of examining and 
correcting the adjustment of the vernier, 6, which, like all 
other mechanical adjustments, will occasionally get deranged. 
This verification must be performed by means of a detached 
scale. Thus, suppose, for example, that our beam compass is 
divided to feet, inches, and tenths, and subdivided by the 
vernier to hundredths, &c. First set the zero division of the 
vernier to the zero of the principal divisions on the beam, by 
means of the slow motion screw f. This must be done very 
nicely. Then slide the box c, with its point g, till the zero 
on the vernier c exactly coincides with any principal division 
on the beam, as twelve inches, or six inches, &c. To enable 
us to do this with extreme accuracy some superior kinds of 
beam compasses have the box c also furnished with a tangent 
or slow motion screw, by which the setting of the points or 
divisions may be performed with the utmost precision. Lastly, 
apply the points to a similar detached scale, and, if the 
a^ustment be perfect, the interval of the points gh will 

♦ The survey of the metropolis is plotted to a scale of 60 inches to the 
mile. 

f For a description of the vemier, see preceding article. 
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measure on it the distance to which they, were set on AA'-ij 
heam. If they do not, by ever so small a quantity, th6 iW*^ 
justment should be corrected by turning the screw p till tbij^ 
points do exactly measure that quantity on the detached sdb;!^ 
then, by loosening the little screws which hold the Temieill^ 
in its place, the position of the vernier may be gradmllil'^ 
changed, till its zero coincides with the zero on the betm;!^ 
and, then tightening the screws again, the adjustment wflltel 
complete. 1^ 

FLOTTINa SCALES. Il 

Plotting scales, also called feather-edged scales, are slaniflht ■* 
rulers, usually about ten or twelve inches long. Each nuar I 
has scales of equal parts, decimally divided, placed upon its ■ 
edges, which are made sloping, so that the ei^tremities of ^ ■ 
strokes marking the divisions lie close to the paper. The I 
primary divisions represent chains, and the subdivisions, eoB- I 
sequently, ten links each, as there are 100 links on the sov- I 
veying chain. Plotting scales may be procured in sets, eidi I 
with a different number of chains to the inch. I 

The advantages of this arrangement are, that the distanoes % 
required can be transferred with great expedition from the 
scale to the paper by the aid of the pricking-point alone, and . 
the marks denoting the divisions are in no danger of be- 
coming defaced, as upon the plain scale, by the frequent 
application of the compasses. 

One of the best plotting scales consists of two feather-edged 
rulers, one sliding along the other in a dovetailed groove, so 
that the two are always at right angles to each other. We 
shall describe this instrument more particularly when we 
come to speak of plotting, after describing the instruments 
used in surveying. 

THE PANTAGKAPH, 

The pantagraph consists of four rulers, ab, ac, pf, and 
jip, made of stout brass. The two longer rulers, ab and ac, 
are connected together by, and have a motion round a center 
at A. The two shorter rulers are connected in like manner 
with each other at p, and with the longer rulers at d and e, 
and, being equal in length to the portions ad and ae of the 
longer riders, form with them an accurate parallelogram, 
ADFE, in every position of the instrument. Several ivory 
castors support the machine parallel to the paper, and allow 
it to move freely over it in all directions The arms, ab and 



are graduated and marked i, ^, &c., and have each a 
ing index, which can he fixed at any of the divisions hy a 
ed-headed clamping screw, seen in the engraving. The 
ing indices have each of them a tuhe, adapted either to 
3 on a pin rising from a heavy circular weight called the 
pum, or to receive a sliding holder with a pencil or pen, 
blunt tracing point, as may be required. 
7hen the instrument is correctly set, the tracing point, 
3il, and fulcrum will be in one straight line, as shown by 
dotted line in the figure. The motions of the tracing 
it and pencil are then each compounded of two circular 
ions, one about the fulcrum, and the other about the joints 
he ends of the rulers upon which they are respectively 
ed. The radii of these motions form sides about equal 
les of two similar triangles, of which the straight line b c, 
;ing through the tracing point, pencil, and fulcrum, forms 
third sides. The distances passed over by the tracing 
it and pencil, in consequence of either of these motions, 
3 then the same ratio, and, therefore, the distances passed 
• in consequence of the combination of th^ two motions 
3 also the same ratio which is that indicated by the set- 
of the instrument. 




'ur engraving represent^ the pantagraph in tlie act of 
icing a plan to a scale of half the original. For this pur- 
) the sliding indices are first clamped at the divisions 
n the arms marked |; the tracing point is then fixed in a 
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socket at c, over the original drawing ; the pencil is next \ 
placed in the tube of the sliding index upon the ruler d f, 
over the paper to receive the copy ; and the fulcrum is fixed 
to that at B, upon the ruler a b. The machine being now 
ready for use, if the tracing point at o be passed delicalelj 
and steadily over every line of the plan, a true oopy, but « 
one-half the scale of the original, will be marked by the pendl 
on the paper beneath it. The fine thread represented as 
passing from the pencil quite round the instrument to the 
tracing point at c, enables the draughtsman at the tracing 
point to raise the pencil from the paper, whilst he passes the 
tracer from one part of the original to another, and thus to 
prevent false lines from being made on the copy. The pendl 
holder is surmounted by a cup, into which sand or shot may 
be put, to press the pencil more heavily on the paper, when 
found necessary. 

If the object were to enlarge the drawing to double its 
scale, then the tracer must be placed upon the arm d p, and 
the pencil at c ; and, if a copy were required of the same scale 
as the original, then, the sliding indices still remaining at the 
same divisions upon d f and a b, the fulcrum must take the 
middle station, and the pencil and tracing point those on the 
exterior arms, a b and a o, of the instrument. 

The successful use of the pantagraph in copying very 
minute and complicated drawings can only be attained by 
perseverance and experience, and we therefore proceed to 
mention some of the other means employed for the attain- 
ment of the same object. In fact, while the pantagraph affords 
the most rapid means of reducing a drawing, we cannot re- 
commend its use for enlarging a copy, or even for copying 
upon the same scale. 

To produce a Copy of the same Size as the Original, First 
Method. — Lay the original drawing upon the sheet of paper 
intended for the copy, and fix them together by means of 
weights or drawing pins*. 2. With a fine needle f prick 
through all the angles and principal points, making corre- 
sponding punctures in the paper beneath. 3. Draw upon 
the copy such of the lines on the original as are straight, or 
nearly so, by joining the points thus marked upon the paper. 

* The drawing pin consists of a brass head, 
with a steel point at right angles to its plane. A 
represents it as seen edgewise, and b as seen from 
above. 

t See pricking point, page 8. 




METHODS OF COPYING AND REDUCING DRAWINGS. 63 

4. Set oflP such other points upon the copy, by means of the 
compasses, as may be desirable, and draw the curved lines 
upon tracing paper- placed over the drawing. 5. Fill in the 
lines indicated by the points set o£F by the compasses, and 
transfer the curved lines from the tracing paper to the copy, 
by rubbing the back of the tracing paper with powdered black 
lead, placing it in its correct situation upon the copy, and 
passing a blunt tracing point* over the lines drawn upon it. 

Second Method, — ^A sheet of tracing paper having the under 
side rubbed over with powdered black lead may be placed 
upon the paper intended for the copy. The original being 
then placed over this, the tracing point may be carefully and 
steadily passed over all the lines of the drawing with a pres- 
sure proportioned to the thickness of the paper; and the 
paper beneath vdll receive corresponding marks, forming an 
exact copy, which is afterwards to be inked in. 

Third Method, — The drawing is placed upon a large sheet 
of plate glass called a copying glass, and the paper to receive 
the copy placed over the drawing. The glass is then fixed in 
such a position as to have a strong light fall upon it from be- 
hind, and shine through it. By this means the original 
drawing becomes visible through the paper placed ' over it, 
and a copy can be made with precision and ease, without any 
risk of soiling or injuring the original. 

To copy with nicety upon a reduced or enlarged Scale. — 
For this purpose we may have recourse to the method of 
squares, by which, with the aid of the proportional compasses, 
the most minute detail may be copied with great accuracy. 
This may, perhaps, be best shown by an example. 

Let figure 1 in the following engraving represent a plan of an 
estate, which it is required to copy upon a reduced scale of one- 
half. The copy will therefore be half the length and half the 
breadth, and, consequently, will occupy but one-fourth of the 
space of the original. Our subject is a map of an estate, but 
the process would be precisely the same if it were an archi- 
tectural, mechanical, or any other drawing, 

1. Draw the lines fi and f g at right angles to each other. 
2. From the point f towards i and g, set off any number of 
equal parts, as f a, a 6, 6 c, &c., on the line fi, and f i, i k, 
k I, &c., on the line fg. 3. From the points on the line fi 
draw lines parallel to the other line fg, as a a, 6 6, c c, &c., 

• The eye end of the pricking needle, or the fine point of a porcnpine'fl 
quill, may he used for this purpose. 
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and from Gie pointe on f a draw linea parallel to ¥J,t 
kk,ll, &c., which beiDg BufficieatI; extended towards a and I, j 
the whole of the original drasving will be covered with a reti- 
cule of small but equajly-eized squares. 4 
This done, dran upon the paper iDt«nded for tlie cop; n > 
similar set of squares, but having each side only one-half the ] 
length of the former, as is represented in figure S. It will 'i 
now be evident that, if the lines of the plan A B, s c, o D, ' 
&c., figure 1, be drawn in the correapondisg aquaiea of figota 
3, a correot copj of the original will be produced, and of half 
the original scale. Oommenoing then at A, observe ^vhere, in 
the original, the angle a falla, which is towards the bottom of 
the square marked on the top d e. In the oorreaponding 
square, therefore, of the copy, and in the same proportion to* 
wards the left-hand side of it, which should be determined by 
the use of the proportional compasses, described at page 4, 
place the same point in the copy. From thence, finding by 
the proportional compasses the point, on the bottom line of that 
square, where the curved line A r crosses, which is about two- 
fifths from the left-hand comer towards the right, cross it simi- 
larly in the copy. Again, as it crosses the right-hand bottom 
comer of the second square below d e, describe it so in tho 
copy ; and by means of the proportional compasses find the 
points where it crosses the lines// and 33, above the lino i I, 
by taking the distances of such crossings from tho nearest cor- 
ner of a square in the original, between the large points of the 
proportional compasses, and with the small points at their op- 
posite end, setting off the required crossing on tho correspond 
ing lines on the copy. Lastly, determine the plao« of ths 
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lint B, in the thitd square below ^ ^ on the top line ; and a 
le drawn from a in the copy, through these several points 
B, will be a correct reduced copy of the original line. Fre- 
ed in like manner with every other line on the plan, and 
various details, and you will have the plot or drawing, laid 
wn to a small scale, yet bearing all the proportions in itself 
actly as the origind. • 

It may appear almost superfluous to remark, that the process 
enlarging drawings by means of squares is a similar opera- 
n to the above, except that the points are to be determined 
the smaller squares of the original, and transferred to the 
ger squares of the copy. The process of enlarging, under 
y circumstances, does not, however, admit of the same ao- 
racy as that of reducing. 

Having now completed the description of those instruments, 
plicable to the purposes of geometrical drawing; to the con- 
leration of which we propose for the present to limit cur- 
ves, in accordance with the plan of our little work, we now 
}pose to add thereto a description of CoggeshalVs Sliding Rule, 
d then to conclude this part of our subject with some practi- 
. hints*, which we think may prove acceptable to the com* 
mcing student. 

co»0Kshall's sliding rule. — (Plate II. Fig. 4.) 

Coggoshairs, or the Carpenter's Sliding Rule, is the instru- 
)nt miost commonly used for taking the dimensions and 
ding the contents of timber. It consists of a rule one foot 
ig, having on its face a groove throughout its entire length, in 
ich a second rule of the same length slides smoothly. On 
) fece of the rule are four logarithmic lines marked at one 
i A, B, c, and d. The three lines a, b, c, are called double 
es, because the figures from 1 to 10 are contained twice in 
) length of the rule, and are, in fact, repetitions of the loga- 
imic line of numbers already described (p. 25). The fourth 
e, D, is a nngle line numbered from 4 to 40, and is called 
> Girt Line, because the girt dimensions are estimated upon 
a computing the contents of trees and timber. The lengths 
)n this line denote the logarithms of the squares of the 
mbers, from 4 to 40, placed against the several divisions ; 
1 enable us, as will be seen, to obtain approximately the 
itents of a solid by a single operation. 

Extracted from a treatise on drawing instruments^ by F. 17. Bimmi^ 
il Engineer and Sorreyor. 
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The line c is used with the girt line d, and the two lines A and 
B, enahle us to perform more readily all such operations as have 
been already described as being performed by the logarithmio 
line of numbers with the aid of the compasses, the second hue * 
B, upon tlie slider, supplying the place of the compasses. j 

On the girt line is a mark at the point 18*79, lettered & | 
(jgallons), which is the imperial gauge point*, enabling us to ; 
compute contents in imperial gallons. 

The back of the rule has a decimal scale of one foot divided 
into one hundred equal parts, by which dimensions are taken 
in decimals of a foot ; and also a scale of inches, numbered 
from 1 to 12, which scale is continued on the slider and num- 
bered from 12 to 24, so that, when the slider is pulled out, a 
two feet rule is formed, divided into inches. — ^The vacant 
spaces on the rule are filled up with various other scales and 
tables, which may be selected to suit the purposes of the 
various purchasers. 

The method of notation on the rule, and the manner of es- 
timating any number upon it, are the same as have already 
been fully explained, when treating of the line of logarithmic 
numbers (p. 28). 

Problem 1. To multiply two Numbers together, — Set 1 on b 
to the multiplier on a, and against the multiplicand on b will 
be found the required product on a. Example, — To multiply 
33 by 23. Set 1 on b to 23 on a, and against 3*3 on b will 
be found 7-59 on a, and 759 is therefore the product re- 
quired!. 

Problem 2. To divide one Number by another, — Set 1 on b 
to the divisor on a, and against the dividend on a will be found 
the required quotient on b. Example, — To divide 759 by 23. 
Set 1 on B to 2*3 on a, and against 75*9 on a will be found 
33 on B, which is the quotient required. 

Problem 3. To find a Fourth Proportional to three given 
Numbers. — Set the first term on b to the second term on a, 
and against the third term on b will be found the required 
fourth term on a. Or, against the first term on a, set tie se- 
cond term on b, and against the third term on a will be found 
the required fourth term on b. Example, — To find a fourth 

• 18-79 is the diameter of a cylindrical vessel to contain one gallon 
for each inch of depth. The gauge point for the old wine gallon was at 
17*15, lettered W. Q-., and for the old ale gallon at 18-96, lettered A. G. 
These marks are consequently found upon rules constructed prior to 
January, 1826. 

t The tens must be supplied mentally^ as explamed at page 28. 
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proportional to the three numbers 3 J, 11, and 14. Set 8i, 
or 3*6, on B to 1 1 on a, and against 14 on b will be found 
on A, 44, the fourth proportional required. 

Problem 4. To find a Third Proportional to two given 
Numbers. — This is the same problem as the preceding, re- 
peating the second number for the third term of the proportion. 
Example. — To find a third proportional to the two numbers 
^ and 11 . This is to find a fourth proportional to the three 
numbers 3^, 11, and 11. Set therefore 3^, or 3*5, on b to 11 
on A, and against 11 on b will be found on a 34*6, the third 
proportional required. 

Problem 5. To square a given Number. First Method, by 
means of the Lines a and b. — Set 1 on b to the given number 
on A, and against the given number on b will be found its 
square upon a. Example. — Required the square of 23. Set 
1 on b to 23 on a, and against 23 on b will be found its square 
529 on A. Second Method, by means of the Lines c and d. — If 
the number to be squared lie between 1 and 4, or 10 and 40, 
or 100 and 400, &c., so that its first significant digit is less 
than 4 ; set the 1 on o to 10 on d, and against the digits on 
D, expressing the given number, will be found on c the digits 
expressing the required square. Then, the square of 1 being 
1, of 10, 100, of 100, 10,000, &c., and of -1 being 01, of -01 
being '0001, &c., the digits upon c must be estimated at the 
actual yalues represented by them as numbered upon the 
scale, viz.,'l, 2, &c., to 16, or at 100 times their values, from 
100 up to 1600, or at 10,000 times their values from 10,000 up 
to 160,000, &c., or, again, at the T^^th part of these values 
from "01 up to *16, or at TTr.ifftjth part of these values from 
•0001, up to '0016, &c., according as the highest denomination 
in the number to be squared is units, or tens, or hundreds, &c., 
or, again, tenths, hundredths, &c. Example. — Required the 
square of 23. The 10 on d being set against the 1 on c, against 
23 on D will be found 5*29 on c, and, the highest denomina- 
tions in 23 being tens, tho square required is 529. Also the 
squares of 2*3, 230, 2300, -23, '023, would be 529, 52,900, 
5,290,000, -0529, -000529, respectively, the highest denomina- 
tions in the proposed numbers being respectively units, hun- 
dreds, thousands, tenths, and hundredths. Third Method, by 
means of the Liiies o and d. — If the number to be squared lie 
between 4 and 10, or 40 and 100, or 400 and 1000, &c., so that 
its first significant digit is not less than 4 ; set the 100 on o 
against the 10 on d, and against the digits on d, expressing 

p 3 
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the given number, will be found on o the digits exprei 
the required square. Example, — Required the square of 1! 
The 100 on being set against the 10 on D, against 5*1 on 
will be found 26 on o, and, the highest denomination in I 
being tens, the square required is 2600 X'. 

Problem 6. To eoetract the Square Boot of a given N\ 
— This problem being the converse of the preceding, set 
rule in the same manner, with the 1 on o against the 
on D, if the given square be between 1 and 16, or 100 
1600, or 10,000 and 160,000, ftc, or again between '01 
•16, or -0001 and -0016, &c., and with the 100 on o against 
10 on D, if the given square be between 16 and 1 00, or 1600 
10,000 &c., or again between -16 and 1, or 0016 and '01, Aafc 
and then against the given number on a will stand its squait; 
root on D. Ewample 1«— ^Required the square root of ^%^*.- 
The given number being between 100 and 1600, set the 1 (Jo 
against the 10 on.n, and against 5*29 on c will be founi; 
28 on D, the square root required. Example 2. — Required tin ; 
square root 2601. The given number being between 1600 
and 10,000, set the 100 on c against the 10 on d, aoi ' 
against 26 on o will be found 5*1 on d, and 51 is therefors 
the root sought. 

Problem 7. To find a mean Fropottional hetwepn two givm 
Numbers, — Set one of the numbers upon c to the same numbsJ 
on D, and against the other number on o will be found upon 
D the mean proportional required \. Example* — Required a 
mean proportional between 4 and 49. Set 4 on o to 4 on d, 
and against 49 on o will be found on d 14, the mean propor- 
tional required. 

If one number exceed the other so much that they cannot 
both be taken off from the line o, the tiu*^ P^^^ ®^ t^® larg^ 
may be taken, and the mean proportional then found, multi- 
plied by 10, will give the mean proportional required. Also 
if the second number on o be situated beyond the scale d, the 
-J J^th part of such second number may be substituted for it, 
and the result multiplied by 10 ; or 100 times such number may 

* The accurate square is 2601, but the fourth figure cannot be etti* 
mated upon a foot rule, and the third figure only approximately. The 
solution, in fiict, may be considered as obtained to within the 200th part of 
the whole, hut, if greater accuracy is required, arithmetical methods must 
be resorted to. 

f If a : X : : » : b, then at b : : a* : »^ ; and, therefore, 
log. b -^ log. a = ]og< M^ ^ log. a* ; whence the rule given in the tezt« 
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ken, ftnd the result divided by 10 ; or, again, sach secJdnd 
►er may be multiplied or divided by 4, 9, or any square 
ter, and the result divided or multiplied by 3, 8, or the 
e root of this number; or, again, the numbers may be both 
plied and divided by any the same number, and the 
; divided or multiplied also by the same number, and, iu 
3ase, the required mean proportional will be correctly dc- 
Ded. 

)blem 8. To find tha Area of a Board or Plank, First 
)d. — Set 1/2 on B to the mean breadth in inches on a, 
gainst the length in feet on b will be found upon a the 
*ed area in feet and decimals of a foot. If ike plank 
regularly, the mean breadth is half the sum of the ex- 
breadths ; but, if the plank be irregular, several 
ths should be measured at equal distances from each 
and their sum divided by their number may be taken 
3 mean breadth. In the latter case, however, greater 
icy would be obtained by finding separately the areas of 
ns of the plank, and adding them together for the whole 
or by the following. Second Method, — Take the measure 
hes of several breadths at equal distances from each 
and add together half the two extreme bfeadths, and 
im of all the intermediate breadths. Set 12 on b to the 
ihus found upon a, and against the distance in feet, at 
I the breadths have been measured, upon b will be found 
A the required area in feet and decimals of a foot. Ea- 
1. — A board, 15 feet long, being 14 inches broad at one 
nd 8 inches broad at the other, required its area. The 
breadth is 11 inches, half the sum of 8 and 14. Set, 
12 on B against 11 on a, and against 15 on b will be 
upon A 13-75 or 13| feet, the area required. Ex- 
2. — An irregular board, 18 feet long, being 7 inches 
at one extremity, 11 inches broad at the other, and the 
aediate breadths at each 3 feet of the length being 13 
I, 25 inches, 23 inches, 32 inches, and 22 inches, re- 
l its area. By the first method, the sum of the seven 
ths divided by 7, gives 1 9 inches for the mean breadth ; 
letting 12 on b against 19 on a, against 18 on b will be 
upon A 28*5 or 28J feet, the area required. By the 
i method, half of the two extreme breadths added to 
Qtermediate breadths, gives the sum, 123 inches ; and 
g 12 on B against 123 upon a, against 8 on b will be 
upon A 30f , the area required, a more axjcurate result 
the preceding. 
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Problem 9. To find the solid Content of squared or) 
sided Timber J of the same Size throughout its entire L« 
First Method. — Multiply the breadth by the thickness, 
their product again by the length (Problem 1), and the f 
will be the content required. Second Method, — Set the 1| 
on against 12 on d> and against the quarter girt, mesi 
in inches, on d, will be found the approximated conteni 
in cubic feet : or set the length on o against 10 on ©, 
against the quarter girt, measured in tenths of feet, on o 
be found the approximate content on c. The approxi 
content thus found is greater than the true content, anc 
correction to be subtracted to leave the true content is ^ 
in the following Table : — 
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The fractional portion of the approximate contents in col 
& may be found by dividing the approximate contents bj 
denomination of the fractions. (Problem 2.) 

If the excess of the breadth over the thickness be comp 
with the quarter girt, the correction has to the approxii 
content the duplicate ratio of half the excess to the qui 
girt, as shown in the following Table : — 



USES OF THE SLIDING BULE. 



01 



TABLE II. 
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Che correction may also be found as follows : — Set the 
^h upon c against 12 upon d, and against half the excess 
he breadth over the thickness upon d will be found upon 
le required correction in cubic feet. 

.s the error of the result obtained with the rule may 
unt to the ^J^jth part of the whole, the correction given 
re may always be neglected, whenever the excess of the 
idth over the thickness does not exceed the Jth part of 
breadth, or Ij inch for each 12 inches of breadth, and 
result may be depended upon to as great an accuracy as 
be obtained by the rule. When, however, the excess is 
e than two inches for each 12 inches of breadth, either 
correction sjiould be applied or the first method be used. 
Example 1. — Required the content of a piece of timber 10 
les broad, 8 inches thick, and 18 feet long. 

1 R 80 

ince — X — = — ' ^®* ^^ ^^ ® against 144 on a, and 

nst 18 on A will be found 10 on b, and the content re- 
ed is 10 cubic feet. Example 2. — Required the content 
I piece of timber 15 inches broad, 10 inches thick, and 24 
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feet long. Set 24 on o against 12 on d, and against 12*5, or 
1*2|, the quarter girt on d, will be found on o 26*04, the ap- 
proximate content. The excess of 15 over 10 being Jrdof 
16, Table I. shows the required correction to -g^g^th of 26*04. 
Set then 25 on b against 26*04 on a, and against 1 on b will 
be found 1*04 on a, which subtracted from 26-04 cubic feet 
leaves 25 cubic feet, the true content. 

Problem 10. To find the Content of a Piece of Sqwure 
Timber, which tapers from end to end. — Set the length in feet 
upon against 12 upon d, and against half the sum in inches 
of the quarter girts at the two ends upon d will be found a 
content in cubic feet upon c. Again, set one-third of the 
length in feet upon c against 12 upon d, and against half the 
difference, in inches, of the quarter girts at the two ends upon 
D will be found a second content in cubic feet upon o. Add 
together the two contents thus found for the content required. 
If the breadth exceed the thickness considerably, the same 
part of the result must be subtracted, as in Problem 9. 

Example. — ^The quarter girts at the ends of a piece of tim- 
ber 21 feet long, being 22 inches and 10 inches respectively, 
and the breadth not much exceeding the thickness, required 
the content. Set 21 upon o against 12 on d, and against 16 
upon D will be found 37^ or 37*3 upon c. Again, set 7 upon 
c against 12 upon D, and against 6 upon d will be If or 1*75 
upon 0. The sum of 37J cubic feet and If cubic foot is then 
39-Jg- or 39 '1 cubic feet, the whole content required. 

Problem 11. To find the Content of a Mound Piece of 
Timber of the same Size throughout its entire Length, — Set the 
length in feet upon c against 10*63 * upon d, and against the 
quarter girt in inches upon d will be found the content upon 
0. Example, — Kequired the content of a round piece of tim- 
ber 32 feet long, the quarter girt being 11 inches. Set 32 
upon against 10*63 upon d, and against 11 upon d will be 
found upon c 34*25 or 32^, the content required. 

Problem 12. To find the Content of a Bound Piece of 
Timber, ivhich tapers from end to end, — Set the length in feet 
upon against 10*63 upon d, and against half the sum in 
inches of the quarter girts at the two ends upon D will be 
found a content in cubic feet upon c. Again, set one-third of 
the length in feet upon c against 10*63 upon d, and against 
half the difference in inches of the quarter girts at the two 

* A mark is placed upon the rale at this point, 10*63 being the qnarter 
girt in inches of the circle, whose area is a square foot. 



USES OF TBB SUSINa fiULE* 68 

ends upon d "will be found a second content in cubic feet upon 

c. Add together the two contents thus found for the content 

required. 

Note. — In buying rough or unsquared timber^ an allowance of about 
^th should be made for the bark. A further allowance should also be 
made for the losd in squaring down the tree to make useful shaped timber. 
The whole amount of timber to be taken off to make a square piece from a 
round piece of timber will be 86 percent., or more than a third of the whole. 
The timber so taken off must not, however, be considered completely ralue- 
less. If the length upon o be set against 12 upon p, instead of upon 10'63 
in the two preceding problems, this will be equivalent to an allowance of 
about 21^ per cent., which may be considered a just allowance. 

Example 1. — A piece of round tapering timber measures 23 
feet in length, the quarter girt at the larger end is 23^ inches, 
and at the smaller endi the quarter girt is 15| inches. Re- 
quired the true content. Set 23 upon c against 10.63 upon 
D, and against 19| or 19*5 upon d will be found 77*6 upon c. 
Again, set 7f or 7-66 upon c against 1063 upon d, and against 
8 upon D will be found 4*3 upon c. Then the sum of 77*5 
cubic feet and 4*3 cubic feet is 81*8 cubic feet, the content 
required. Example 2. — Required the content of a piece of 
unsquared timber of the same dimensions as in the preceding 
example, making allowance of 21^ per cent, for loss in squaring 
down into a useful shape. Set 23 upon c against 12 upon d, 
and against 19|, or 195, upon D will be found 6075 upon c. 
Again, set 7 J or 7-66 upon o against 12 upon d, and against 
8 upon D will be found 3*4 upon c. Then the sum of 60-75 
cubic feet and 3*4 cubic feet is 64* 15 cubic feet, the content 
required. 

Problem 13. To find the Content of a Cylindrical Vessel 
in Gallons, — Set the length of the cylinder in inches upon o 
against the gauge mark at 18-79, marked g, upon d, and 
against the diameter of the cylinder in inches upon d will be 
found the required content in gallons upon c. If the number 
of inches in the diameter lie beyond o, or if this number be 
greater than 40, so as not to be contained upon D, the -j^Xh 
part, or any part that may be convenient, of the number of 
inches in the diameter may be taken, and the result thus ob- 
tained, multiplied by 100, or the square of the divisor made 
use of, will give the content required. Example. — ^A circular 
vat 5 feet in diameter being filled to the depth of four feet, 
required the quantity of liquor in it. Set 48 upon c against 
the gauge mark at 18*79 upon d, and against 6, the -^^^th 
part of the diameter in inches, upon d will be found upon 
o 4-9; and consequently 49 x 100 or 490 gallons is the 
quantity of liquor in the vat. 
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PEACTICAL HINTS, ETC.* 

ON THE MANAGEMENT OF DRAWING PAPEB. 

The first thing to be done, preparatory to the commencement 
of a drawing, is to stretch the paper evenly upon the smooth- 
and flat surface of a drawing board. The edges of the paper 
should first be cut straight, and, as nearly as possible, at right 
angles with each other; also the sheet should be so much 
larger than the intended drawing and its margin, as to ad- 
mit of being afterwards cut from the board, leaving the 
border by which it is attached thereto by glue or paste, as we 
shall next explain. 

The paper must first be thoroughly and equally damped 
with a sponge and clean water, on the opposite side from that 
on which the drawing is to be made. When the paper ab- 
sorbs the water, which may be seen by the wetted side be- 
coming dim, as its surface is viewed slantwise against the 
light, it is to be laid on the drawing board with the wetted 
side downwards, and placed so that its edges may be nearly 
parallel with those of the board; otherwise, in using a T 
square, an inconvenience may be experienced. This done, lay 
a straight flat ruler on the paper, with its edge parallel to, and 
about half an inch from, one of its edges. The ruler must 
now be held firm, while the said projecting half inch of paper 
is turned up along its edge ; then, a piece of solid glue (com- 
mon glue will answer the purpose), having its edge partially 
dissolved by holding it in boiling water for a few seconds, 
must be passed once or twice along the turned edge of the 
paper, after which, this glued border must be again laid flat 
by sliding the rule over it, and, the ruler being pressed down 
upon it, the edge of the paper will adhere to the board. If 
sufi&cient glue has been applied, the ruler may be removed 
directly, and the edge finally rubbed down by an ivory book- 
knife, or any clean polished substance at hand, which will then 
firmly cement the paper to the board. Another but adjoining 
edge of the paper must, next, be acted upon in like manner, 
and then the remaining edges in succession ; we say the ad- 
joining edges, because we have occasionally observed that, 
when the opposite and parallel edges have been laid down 
first, without continuing the process progressively round the 
board, a greater degree of care is required to prevent undula- 
tions in the paper as it dries. 

♦ Extracted from a Treatise on Drawing Instruments by F, W. ^imms. 
Civil Engineer and Surveyor. 
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Sometimes strong paste is used instead of glue ; but, as this 
takes a longer time to set, it is usual to wet the paper also on 
the upper surface to within an inch of the paste mark, care 
being taken not to rub or injure the surface in the process. 
The wetting of the paper in either case is for the purpose 
of expanding it; and the edges being fixed to the board 
in its enlarged state, act as stretchers upon the paper, while 
it contracts in drying, which it should be allowed to do gradu- 
ally. All creases or undulations by this means disappear 
froni the surface, and it forms a smooth plane to receive the 
drawing. 



TABLE OP DIMENSIONS OF DRAWING PAPER. 



Demy ... 20 

Medium. . . 22} 

Koyal ... 24 

Super Royal . 27i 

Imperial . . 30 

Blephant . . 28 
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Columbier . . 35 in. by 23i in. 

Atlas .... 34 „ 26 

Double Elephant 40 „ 27 

Antiquarian . 53 ,, 31 

Emperor . . 68 „ 48 
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MOUNTING PAPER AND DRAWINGS, VARNISHING, ETC. 

In mounting paper upon canvas, the latter should be well 
stretched upon a smooth flat surface, being damped for that 
purpose, and its edges glued down as was recommended in 
stretching drawing paper. Then with a brush spread strong 
paste upon the canvas, beating it in till the grain of the can 
vas be all filled up ; for this, when dry, will prevent the can- 
vas from shrinking when subsequently removed ; and, having 
cut the edges of the paper straight, paste one side of every 
sheet, and lay them upon the canvas, sheet by sheet, overlap- 
ping each other a small quantity. If the drawing paper is 
strong, it is best to let every sheet lie ^ve or six minutes after 
the paste is put on it ; for, as the paste soaks in, the paper 
will stretch, and may be better spread smooth upon the can- 
vas ; whereas, if it be laid on before the paste has moistened 
the paper, it will stretch afterwards and rise in blisters when 
laid upon the canvas. The paper should not be cut oflf from 
its extended position till thoroughly dry; and the drying 
should not be hastened, but gradually take place in a dry 
room, if time permit; if not, the paper may be exposed to 
the sun, unless in the winter season, when the help of a fire 
is necessary, care being had that it is not placed too near a 
scorching heat. 

In joining two sheets of paper together by overlapping, it 
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Mid the largest radius should be taken to describe the arcs by which a point 
k to be found through which a right line is to be drawn > and the greater 
attention is to be paid to this rule, in proportion as that step of the problem 
under consideration is conducive to the correctness of the final result. 

" 6. All lines, perpendicular or parallel to another, should be drawn long 
ttough at once, to obviate the necessity of producing them. 

** 7. Whenever a line is required to be drawn to a point, in order to insure 
the coincidence Of them, it is better to (K)mmence the line from the point ; 
and if the line is to pass through two points, before drawing it the pencil 
should be moved along the rule, so as to ascertain whether the line will, 
vhen drawn, pass through them both. Thus, if several radii to a circle were 
n|mred to pass through any number of points respectively, the lines should 
be begun from ihe center of the circle ; any error being more obvious when 
aeverad lines meet in a point. 



PART II.— ON OPTICAL INSTRUMENTS. 

Under this head our principal object will be to consider tho 
construction, and principles of action, of such instruments as 
are indispensable to assist the vision in making observations 
upon distant objects, whether upon terrestrial objects for the 
purposes of the surveyor, or upon celestial objects for the pur- 
poses of astronomy and navigation. We propose, however, to 
add a few words upon such other optical instruments, as by 
their utility, or by the frequency with which they are brought 
before us, appear to demand our attention. 

We shall thus be led, in the first place, to review briefly 
the properties of prisms, lenses, and plane and curvilinear 
reflectors, and shall then proceed to give descriptions of the 
following instruments, viz., 

MkroteopM. 1 Such as are adapted to surveying and astronomical 

TeleMopes. J instruments, rather fully. 

The Camera Lucida. 1 •»- v.:* /i 
The Camera Obscura. / Very briefly. 

THE PRISM. 

A collection of straight lines, either conical of cylindrical, 
reipresenting rays of light, is called a pencil of light, and the 
BUS of the cylinder or cone is called the axis of the pencil. 

The term medium is used in optics to signify any trans- 
parent substance, that is, any substance into which a portion 
of the light falling upon it can pass. 

The term prism in optics is used to signify a portion of 
any medium bounded by plane surfaces which are inclined to 
one another. The bounding surfaces are called the faoea of 
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the prism ; the line in which the faces intersect is called 
edge of the prism ; and the angle at which the faces are 
clined is called the refracting angle. 

The prism is to he placed so that the axis of the pencil, 
which an ohject is seen through it, be in a plane perpend''^ 
to the edge of the prism ; and the axis of the pencil d 
and after its passage through the prism still remains in 

plane. 

One effect of a prism of denser material than the surro 
ing medium is to bend every ray of light passing through 
and, consequently, the whole pencil, further from the edge rf 

the prism. 

Another effect of such a prism is to decompose each single 
ray of white light into several rays of different colours, whwh 
rays are bent at different angles, so as to form a lengthenei 
image of different colours, of the point from which the n^ 
proceeds. This image is called the spectrum, and the* 
colours the colours of the spectrum. 

When, then, any object is viewed through a prism, the two 
following effects 
are produced. 
Istly. The ap- 
parent position of 
the object is 
changed, so that, 
if the prism be ^' 
held with its edge ^ 
downwards, as in the accompanying figure, the object appears 
lower than it really is, while, if the prism were held wiUi its 
edge upwards, the object would appear in a position highei 
than its actual position. 2ndly. The boundaries of the object 
are indistinctly defined, and fringed with colours. 

Our figure represents the section of the prism made by the 
plane of incidence, that is, by the plane which is perpendicu- 
lar to the edge of the prism, and contains the incident ray oi 
light p Q, fortning the axis of the pencil under consideration, 
which proceeds from one point of an object p. aq and ab 
are sections of the faces of the prism ; a is a point in its 
edge ; and the angle qab is its refracting angle. Now the 
ray of light, pq, proceeding from the object at p through the 
medium of the atmosphere, is bent, upon entering the densei 
medium of the prism, from the direction q t into the direction 
Q B, nearer to L q e, the perpendicular, at the point of inci- 
dence Q, to the face a q of the prism ; and, upon emerging 
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:he prism into the rarer medium of the atmosphere, is 
bent from the direction q r into the direction rs, further 
I R N, the perpendicular to the face a r at the point of 
ence r. The eye, being placed at s, sees the point p, 
3re, by means of a pencil of light of which s r is the 
.nd p consequently appears at p' on the prolongation of 
ae SB. A similar effect being produced upon every 
point, the entire object is apparisntly depressed, as re- 
tted in the figure. 

> angle tes, or PEP^ between ers, the direction of 
ence, and pet, the direction of incidence, is called the 
of deviation *. 

) consideration of the properties of the prism is of great 
:ance, as exhibiting in the simplest manner the princi- 
l the refraction and dispersion of light. The prism is 
sed in optical instruments, to change the direction of 
ncils of light by which an object is observed, in order to 
the apparent place of this object, as viewed through the 
coincide with the actual place of other objects seen 
y, as in the prismatic compass f , or for the mere pur- 
•f convenient observation, as in the Newtonian tele- 



e amount of refraction when a ray of light passes from one medium 
ther varies with the angle of incidence, so that the sine of the angle 
ction bears a constant ratio to the sine of the angle of incidence. 
tio varies for each different medium, and is called the refracting 
f the medium. The deviation of a ray in passing through a prism 
Iso with the angle of incidence, and has a minimum value when 
las of incidence and emergence are equal: and the refracting 
an be determined by finding practically this minimum deviation, 
rs : — Place the prism with its edge downwards, so as to receive a 
am of solar light, admitted into a dark room through a hole in a 

and let the beam of light, after refraction, be received upon a 
>ehind the prism. The prism must then be turned round an axis 
to its edge, so as to vary the angle of incidence, and, consequently, 
tion of the bright spot upon the screen; and, in one particular 

we shall find the bright spot to remain stationary for an instant, 
the motion of the prism is continued. The deviation will then be 
um, and will be equal to the sum of the sun's altitude and the in- 
. of the emergent beam to the horizon. Let s represent this 
a deviation, and A the refracting angle of the prism, and let the 

. A + S 

sm.-^— 
g power be represented by /* : then f* = 

gm. -r 
2 

ese instruments will be described hereafter. 
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LENSES. 

A portion of any medium bounded by two spherical 
faces having a common axis, or by a spherical surface vak' 
plane one, is called a lens. 

The effects produced by lenses upon pencils of light 
pend both upon the form of the lens itself, and upon 
direction in which the pencil is proceeding with, respeet 
the lens. Lenses consequently receive distinguishing nan 
to mark either different forms, or different positions wim 
respect to the light falling upon them. These distingui8hii|i 
names are the following, and the forms and positions of tfal, 
corresponding lenses are represented in the accompanjing 
diagram, the light being considered to be proceeding ftoa 
left to right. 





1. Convex meniscus. 3. Double convex. 6. Plano-convex. 

2. Concave meniscus. 4. Double concave. 6. Convezo-plane. 

7. Plano-concave. 9. Concavo-convex, 

8. Concavo-plane. 10. Convexo-concave. 

The rays forming any pencil of light must either be div&N' 
gent, parallel, or convergent; and when a pencil of light 
passes through an essentially convex lens, that is, one wlud) 
is thicker in the middle than at the edges, as 1, 3, 3, 5, 6, 
the rays are made more convergent, so that a pencil of con* 
verging rays becomes still more convergent, a pencil of paral- 
lel rays becomes convergent, and a pencil of diverging rays 
becomes either less divergent, parallel, or convergeiit: but 
when a pencil of light passes through an essentially concav< 
lens, that is, one which is thinner in the middle than at th< 
edges, as 4, 7, 8, 9, 10, the rays are made more divergent, sc 
that a pencil of converging rays becomes either less conver- 
gent, parallel, or divergent, a pencil of parallel rays becomes 
divergent, and a pencil of diverging rays becomes still more 
divergent. 

The sensation of vision is produced by pencils of rays pro- 
ceeding from every point of the visible object, and entering 
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the pupil of the eye ; and in order to produce distinct vision 
the rays of each such pencil must either be parallel or slightly 
divergent. Thus the sun, moon, and planets are seen dis- 
tinctly, although so distant, by parallel rays ; and the least 
distance from the eye at which an object can be seen distinctly 
Tories in different persons, according to the power of the 
OAtural lenses which, in fact, form the eye. 1. When any 
object is brought nearer to the eye than this without the inter- 
Tention of a lens, the vision becomes confused. If, however, 
the rays of light proceeding from the object were, by the 
mterposition of a convex lens, rendered less divergent or 
parallel, the vision would be again distinct. 2. It is further 
aeoessary for distinct vision that the intensity of the light be 
not less than a certain intensity, as may easily be exemplified 
by gradually closing the shutters of a room, and thus dimi- 
nishing the intensity of the light proceeding from the objects 
in the room, when they will grow more and more indistinct. 
3. Lastly, it is also necessary, for distinct vision of any object, 
that the axes of the pencils proceeding from its extreme parts 
enter the eye under an angle not less than a certain angle, so 
that, however strong a light be thrown upon an object, if this 
object be very minute* or removed to a distance very great 
with respect to its magnitude, it will not be seen by the 
naked eye. If, however, by the assistance of a lens, or 
combination of lenses, a sufficient number of rays to pi'oduce 
the required intensity of light can be collected from each 
point of an object, and passed through the pupil of the eye, 
and if at the same time the axes of the extreme pencils are 
bent by this lens, or combination of lenses, so as to enter the 
eye under a sufficiently large angle, while the rays of each 
pencil are made parallel, or but slightly divergent, then vision 
will ensue, no matter how minute, how distant, or how im- 
perfectly illuminated the object may be. 

When a pencil of rays proceeding from a point of an object 
passes through a lens, the rays which pass through at different 
distances from its center will diverge from or converge to dif- 
ferent points, so that the whole pencil will not any longer 
diverge from or converge to a single point ; and from this 
cause the image of one point will overlap the image of an- 
other, and an indistinctness of the object will arise. This 
sooroe of indistinctness is called the aberration. A combina- 
tion of lenses may, however, be formed, so that the aberration 
of one shall be corrected by the aberration of the others. 
Such a combination is said to be aplanatic. 
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Since rays of light proceed in every direction from toe 
points of visible objects, the pencils of light intercepted by i 
lens for the first time are all centrical, that is, their axes tQ 
pass through the center of the lens ; but the pencils, npot 
emerging from this first lens, are already determinate both ii ' 
extent and direction, and consequently will fall, some of tiiem 
at least, eccentrically upon a second lens, that is, their urn 
will meet this lens at different distances from its center. Hm i 
axes of the most eccentrical pencils will then, after earn- 
gence, cross the axis of vision nearer to the lens than v31 ■ 
those of the more nearly central pencils ; and thus, while llw 
center of the object is seen distinctly, the parts at a diBtanoe 
from the center will be distorted, or vice versd. This sooioe 
of error is called the spherical confusion. The spherical con- 
fusion is diminished by dividing the desired deviatioiiB, or 
bondings of the axes, between two or more lenses ; and it ii 
found by opticians to be a good rule to divide the deviatkna I 
equally amongst the lenses employed. ! 

The most important source of indistinctness, however, is the 
dispersion of each ray into rays of different colours refracted 
at dififerent angles (p. 68). which is called the chromatic dii* 
persion. The eflFect of this dispersion upon a centrical pencil 
is partly analogous to the spherical aberration, causing the 
images of neighbouring points to be of finite extent and ove^ 
lap one another; and it, moreover, fringes the image with 
colour. An eccentrical pencil is separated by this dispersioa 
into pencils of rays of different colours, the axes of which are 
bent at different angles ; and the imperfection arising from this 
cause is far greater than that from both the spherical aberra- 
tion and spherical confusion. 

Before stating the manner in which the imperfections 
arising from the chromatic dispersion are remedied, it will be 
expedient to explain what is understood by the focal length of a 
lens. Now a pencil of parallel rays, after passing through a 
lens, becomes either convergent or divergent, as the lens is 
convex or concave, and the distance from the point to which 
the pencil converges, or from which it diverges, to the surface 
of the lens, is called the focal length of the lens. 

To find practically the Focal Length of a Convex Lens, — 
Place a lighted candle at one extremity of a scale of inches 
and parts, with which the lens hsis been connected in such a 
manner as to slide along, and always have its axis parallel to 
the scale. A flat piece of card is also to be made to slide 
along, so as to be always in a line with the light and the lenSi 
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being between the light and the card. The lens and 

then to be moved along, backwards and forwards, till 

.t distance between the card and light is discovered at 

I clear image of the light is formed upon the card : and 

stance is four times the focal length. 

> imperfection arising from the chromatic dispersion is 

iied, for the centrical pencil, by making a compound lens 

J or more lenses of different substances, as flint glass and 

a glass, which are fitted close together, and are of such focal 

ths that the chromatic dispersion of one is counteracted 

;he chromatic dispersion of the other. The effect of the 

omatic dispersion upon an eccentrical pencil is remedied 

setting two or more lenses at proper distances depending 

on their focal lengths. Such a combination of lenses is 

lied an achromatic eye-piece. 

When an object is placed at a distance from a convex lens 
,reater than its focal length, the divergent pencils of rays, 
proceeding from every point of the object, become, after pass- 
ing through the lens, convergent, and at a certain distance 
from the lens *, having converged nearly to points again, form 
there an inverted image of the object. The essential differ- 
ence between any point in this image, and the corresponding 
Sint in the object itself, is, that the latter emits light in all 
■ections, while the light from the former is limited to the 
pencil which has been transmitted through the lens, and is 
consequently determinate both in magnitude and direction. 
If, however, a screen be placed at the required * distance from 
the lens, a picture of the object in an inverted position will 
be formed upon this screen, and from each point of this 
picture light will be emitted in all directions in the same 
manner as from the points of the object itself. The single 
pencil of light from any point of the object, transmitted 
through the lens, supplies, however, in this case, the light for 
dl the pencils emitted from the corresponding point of the 
image; and a very strong light must therefore be thrown 
ipon file object to give a moderate brightness to the picture ; 
nore especially if the picture be of larger dimensions than the 

* If « be tbe distance from the lens at whlcli the object is placed, / the 

bcal length of the lens, then v, the distance from the lens at which the 

111 
mage is formed, is determined from the equation — = — The linea 

itgnitiide of the image is to that of the object as t' to «. 
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object. A portion of the light is also absorbed by the leof:] 
itself. *| 

Ii£FL£CTORS. si 

When a ray of light is reflected at a plane surface, the fllt\ 
flection takes place in a plane perpendicular to the refleotfaf I 
surface, and the incident and reflected rays make equal mj/jm 
with this surface. Thus, if q a represent ' 

a ray of light incident upon a plane re- 
flector at the point a, and the plane of 
the paper represent the plane which con- ^ ^ "ff 
tains Q A, and is perpen^cular to the re- 
flecting surface, intersecting it in the line R a »', then making 
the angle q'ar' in the plane Q ar' equal to the angle qab^ Af 
will represent the course of the reflected ray. 

The effect of a plane reflector upon the pencils of light which 
fall upon it is to change the direction of all the my» formiilfl 
each pencil without altering the angles at which the seTefii 
rays of the pencil are inclined to one an- 
other, so that the divergency or cou- 
vergency of the pencils remains the same 
after reflection as before, and the objects 
from which they proceed appear to be at the 
same distances behind the mirror as they 
really are in front of it. Thus, a pencil of light diverghij 
from a point of an object at p, cdfter reflection at the point ] 
of a plane mirror, appears to proceed from the point f on tb 
line PMp', perpendicular to the mirror, at the distance Ml 
behind the mirror, equal to the distance MP. The point 1*^ 
from which, after reflection, the pencil appears ijo hare dj 
verged, is called a virtual focus; and the apparent image of tb 
object behind the mirror is called a virtual image. 

The uses of a single plane reflector in mathematical instn 
ments are nearly the same as the uses of a prism: viz., eitfafl 
to alter the apparent position of an object, so as to make it 
visual image coincide with the real image of some other ol 
ject, as in the prismatic compass (described hereafter), c 
merely to change the direction of the pencils for the purpose 
of more convenient observation, as in the Newtonian telescop 
(see page 84), the diagonal eye-piece (see page 88), &c. 

When a ray of light, proceeding in a plane at right angli 
to each of two plane mirrors^ which are inclined to each otKt 
at any angle whatever j is successively reflected at the plane »w 
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ach of the mirrors, the total deviation of the ray ie 
e angle of inclination of the 
For let I i and h h represent 
of the two mirrors made by 
of incidence at right angles 
)f them, and let s i represent 
e of the incident ray : then the 
reflected at i into the direction 
ing with li the angle hi A, 
the angle Sit, and is again 
at H into the direction he, 
writh H h, the angle e H A equal 
jle I H ^. Now the angle ah v, \ / 

lal to the exterior angle i H ^, \/ 

to the two angles Hi a and '-^ 

d because the vertical angles 
I V E are equal, and that the three angles of ©very* 
ire equal to two right angles, therefore the two angles 
8 E H are, together, equal to the two angles ahy and 
1 therefore to the angle H i a and twice the angle 
oe AHV has been prored equal to hi a and hai); 
being equal to the vertical angle s i i, is equal to the 
a: therefore, taking away these equals, the remainder, 
e s E H, is equal to the remainder, twice the angle 
KE.D. 

roperty of two plane reflectors enables us by their 
jasure the angle subtended at the eye by any two ob- 
.tever, and is the foundation of the construction of 
Quadrant, and the improvements upon it : vias., Had- 
tant, and Troughton's Reflecting Circle, hereafter to 
bed. 

?lane reflectors are usually made of glaaa silvered at tht back ; 
action takes place at each surface of the glass, thsre is formed a 
mage, which must not be mistaken for the primary and diitinct 
ided to be observed. 

ON CUBVILINEAB BEt'LEOTOBS. 

cal reflectors^ or specula, as they are called, pifoJuce 
icils of rays results precisely similar, with one ex- 
those produced by lenses. Thus^ a concave reflector 
le rays of the pencils incident upon it more con* 
and corresponds in its uses with A convex lens; while 
reflector makes the rays of the incident pencils more 
i after reflection, and corr«%pOTidi m \\% \i»««i ^f^\J3^ ^ 



:* 
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concave lens. The exception to the similarity of the resoltv 
produced l?y lenses and reflectors is, that with the latter tli99 
is no chromatic dispersion, and the only sources of error ujl 
the aherration and spherical confusion, which are comiMi 
to hoth spherical reflectors and lenses. For astronomidj 
ohservations, however, in which case the rays incident upoi 
the object-speculum are parallel, these sources of error aj 
removed by making this speculum of a parabolic form, Mil 
another speculum, if it be used, of the form of the vertex oCl 
prolate spheroid. There is great difficulty in procuring flii 
glass in pieces of large size without flaws, and we are OOD 
sequently limited as to the size of the lenses of good quaHt; 
that can be formed with such glass ; and, without its use, it^ 
have not hitherto been able to form available achromatic ol 
ject-glasses. Recourse is, therefore, had to parabolic o 
spherical specula in the formation of telescopes of large poire 
for examining the heavens *. These specula are formed c 
metal, and the chief objection to them is the impossibility c 
producing an accurate surface. Even supposing its genen 
form to be correct, there are always minute inequalities arisin 
from the nature of the substance, which cause a waste or dii 
persion of light. Great pains are, consequently, taken i 
their construction to obtain the form and surface of the bei 
possible quality f. 

« 

MICROSCOPES. 

The microscope is an instrument for magnifying minuti 
but accessible objects. A convex lens is a microscope, \k 
the imperfections of such an instrument have been alread 
explained (p. 71), and the greater the power of the lens tt 

* Sir William HerscheVs largest telescope was 40 feet long, and il 
mirror 4 feet wide. Lord Bosse's largest telescope is 56 feet long, and tl 
mirror 6 feet wide. 

t The following description of the methods employed in forming ai 
polishing parabolic reflectors is extracted in an abridged form from i 
account of Skerryvore Lighthouse, by Alan Stevenson, LL.B. F.B..S.] 
M.I.C.E., Engineer of the Northern Light Board. 

" The reflector plate is formed of virgin silver and the purest coppc 
from the ingot, in the proportion of 6 oz. silver to 16 oz. of copper. Tl 
two metals are formed into pieces of the form of rectangular parallelopipet 
about 3 inches in length, and the same in breadth, and are then tied togeth 
with wire, placed in the furnace, and united with a flux of burnt borax ai 
nitre, mixed to the consistence of cream. The metal thus united is x 
peatedly passed through the rolling mill, and annealed in the furnace aft 
each time of passing through, until it comes out a plate 28 inches sqoai 
It is then cut into a circular disc^ready for hammering ; and great care mv 
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will D6 these imperfections. For small magnifying 
then, convex lenses may be used, as they are for spec- 



if^. 2. 



Fig, 8. 
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to keep the metal clean during the processes of hammering and 
now to be performed, 
hammering is Fia, 1. 

ed by placing 

with the cop- 

upon a block 

concave, and 

t on the inner 

side with a box- 

allet, rounded 

end, € and d 

The beating 

need on the edge and continued round and round till the center is 
reached. After the disc has been raised sufficiently by this means, 
n to a machine called the horse, and beaten with a wooden mallet 
copper side, its concave face being turned about upon a bright steel 
ig. 2), until it has nearly reached the proper height for the reflector, 
ascertained by a mould m (fig. 8). 

r each course of raising with the wooden mallet the reflector is an- 
s follows : first damped with clean water, and dusted over with 
composed of one pint of powdered charcoal to one ounce of saltpetre ; 
on a clear charcoal fire, till the powder flies oif and shows when it 
sated. It is next plunged into a pickle, composed of one quart of 
five or six gallons of water ; and, lastly, washed with clean water 
red with Calais sand. 

next step is to put the reflector into an iron stool, and, having drilled 
ole in its vertex, to describe a circle from this point with beam com- 
id cut the paraboloid to the proposed size. 

reflector is now hard-hammered with a planishing hammer, or 
, as it is called, on the bright steel head a; and then smoothed 
|[hter hammer muffled with parchment. Then comes the finishing, 
}o, filling up to the mould, which is thus performed. It is con- 
ied with the mould m, and those portions which do not meet it are 
riih fine slate pencil, and then gone over with the muffled hammer, 
point touches the mould. Great care must be taken in this pro- 
no part of the surface be raised above the gauge, or the reflector 
ive to be re-formed with the wooden mallet, and the whole process 

The reflector is then tried with a lamp brought to its focus, and, 
ole surface is luminous, it is fit for polishing; but, if not, it must 
tested by the mould, and carefully filled up with the muffled ham- 
;he result of the lamp test is perfectly satisfactory, 
edge of the reflector is next turned over to stiffen it, and the bizzle 
), and back belt ff (fig. 2), having been soldered on, the final 
if polishing may be proceeded with. This process is commenced 
Qg, first with a piece of pure charcoal of hard wood, and next with 
I of Florence oil and finely- washed rotten stone, applied by meant 
e ball of superfme cloth. The reflector is then cleansed with a 
el dipped in Florence oil, and afterwards dusted over with powder 
ashed whiting, and wiped out with a sofk cotton cloth. Lastly, 
fully rubbed by the naked hand ViiK ftneVj-'WW&i^ tno^ v^ 
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taolei ; but for obtainmg good imagoB with high magm^ 
powen a combinatiou of lenses must be used. 

Small glass spheres are used as microscopes of high poiraB 
but a thin lens composed of any more highly refractive Jii 
stance is preferable ; because, the focal length of the s^ 
measured from its center being but three semi-radii, the § 
tance of the object from the surface is only one semi-raA) 
which prevents its being used m the examination of ddioi 
objects. The refracting sphere is much improved as a ixiSil 
scope by cutting a groove round it in a diametrical pIlBI 
and filling it up with some black opaque substance. ] 
this contrivance the aperture is diminished, without oa 
tracting the field of view, and all the pencila are necessaii 
centrical. 

Microscopes have been made of diamond and sapphire, a 
the aberration is much leas than with glass. Dr. BxemA 

dean water, and wiped with a smooth chamoig ildn. In «U the poUiU 
and eleaniing piocessei lome ikiU it fequired in the manipiUatiim, tf ' 
hand muf t be moved in ■oeeesuTO circle* parallel to the lip» of tho r^M 
and having their eenten on the tm of the generating curve." 

Fiff. 1. Fiff. 2. 





The speculum of Lord Eosse's great telescope is composed of 1264 p 
of copper and 589 of tin, fused together and cast in a mould, the hot 
of which is formed of hoop iron bound closely together with the edges 
permost By this means the heat is conducted away through the hot 
so as to cool the metal towards the top, while the interstices between 
hoops, though small enough to prevent the metal from running out^ tra 
ficiently open to allow &9 air to escape. After casting, the spectdnn 
annealed in a brick oven, which is heated almost to a red heat, and shnl 
with iht speculum in it, and allowed to cool gradually. The speculmi 
then plaeed with its face upwards upon a turning apparatus, and the gri 
ing and polishing performed entirely by the aid of mechanical contrivao 
so that the proper parabolic form it accurately given to it. To test the w< 
the dial^plate of a watch is placed upon the top of a mast at 90 feet distt 
from the speculum, and the image of this dial-plate formed by the speenli 
being viewed through an eye-glass properly placed the distinctneee cf < 
JiD%f dtBotas the accomcy of the speciijiuib 
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employed, as a microscope, a drop of Canada balsam or tur- 
lentiae varnish upon a thin plate of glass, of which the 
surfaces were exactly parallel, This is a very ready way of 
forming a plano-convex lens, and if kept free from dust will 
last some time. 

The compound or achromatic microscope consists of four 
lenses and a diaphragm, placed in the following order : the 
olgect-lens ; the diaphragm ; the amplifying lens, so called be- 
cause it amplifies or enlarges the field of view; the field-lens; 
md the eye-lens. The relations between the focal lengths 
and intervals of the lenses, and the distance of the diaphragm 
from the objections, are determined, so that the combination 
may be achromatic, aplanatic, and free from spherical con- 
fusion. The field-lens and eye-lens form what is called the 
sye^piece ; and the object-lens and amplifying lens form, or 
tend to form, an enlarged image of the object, in the focus 
of the eye-piece, which image is viewed through the eye- 
piece. When the focus of the eye-piece is beyond the field- 
lens, 80 that the image is formed between the amplifying lens 
and the field-lens, the eye-piece is called a positive eye-piece; 
l>ut when the focus of the eye-piece is between the two lenses 
of which it is composed, in which case its effect corresponds 
^th that of a concave lens, it is called a negative eye-piece. 
With a negative eye-piece the pencils proceeding from the 
amplifying lens are intercepted by the field-lens before form- 
ing an image, and the image is formed between the field-lens 
and the eye-lens, in the focus of the latter. 

The best microscopes are constructed with compound olgect- 
leuses, which are both achromatic and aplanatic ; and by this 
means the aperture, and consequently the quantity of light, is 
much increased. Good compound lenses possessing the re- 
quired properties have been formed of a concave lens of flint 
glass, placed between two convex lenses, one of crown glass, 
and ihe other of Dutch plate. 

The magnifying power of any refracting microscope or tele- 
scope may be practically found, by pointing the object-end of 
the instruments towards the light, and receiving the image of 
the objeot*glass formed by the other lenses upon a screen 
placed at the eye-end of the instrument, and at a proper dis* 
tanca from it, which may be determined by trial. Then the 
ratio of the diameter of the object-glass, or of the diaphragm, 
in the case of the compound microscope, to the diameter of its 
image upon the screen, gives the magnifying power of the 
telescope or microscope. In all microscopes it is necessary 
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to illuminate the object strongly, in consequence both of flie 
diffusion of the small portion of light, received from the 
object, over the magnified image, and of the absorption of ti» 
light by the several lenses. 

The Reflecting Microscope. — In this instrument a concave 
speculum of short focal length is substituted for the object- 
lens. The object is placed on one side of the axis of the 
instrument, so that its perpendicular distance from the axis, . 
together with the distance from the speculum of the point 
where this perpendicular meets the axis, may be a little 
greater than the focal length of the speculum. A small plane 
reflector is placed upon the axis of the instrument at the 
point v^rhere the perpendicular from the object meets it. This 
reflector is set at an angle of 45° to the axis, and having iti 
plane perpendicular to the plane through the object and the 
axis. The object being strongly illuminated, the pencils of 
rays proceeding from it, after reflection at the plane reflector 
and concave speculum, tend to form a magnified image, bat 
are intercepted by the field-glass of the negative achromatic 
eye-piece, called the Huyghenian eye-piece (p. 82); and the 
image formed after the transmission of the rays through the 
field-glass is viewed through the eye-glass. . 

In the examination of small objects with a high power, it is 
necessary that the microscope should be perfectly free from 
all tremor, the slightest motion being so magnified as to pre- 
vent a good view from being obtained. Regard must be had, 
therefore, to solidity and accuracy in the fitting of all the 
joints and screws : in the choice of an instrument, and for a 
first-rate instrument, recourse should be had only to a maker 
of well-known talent, as many so-called opticians are mere 
sellers of articles of the qualities of which they are totally 
ignorant. The adjustment of the eye-piece should be ob- 
tained through the medium of a clamp and slow motion screw 
of the best kind*, in which the screw acts upon a spiral 
spring, and by means of which the adjustment for a good focus 
may be obtained with the greatest possible accuracy, and 
without the slightest tremor. If the workmanship and fittings 
of the instrument appear to be satisfactory, a few test objects 
should be examined with it, to try the quality of the combina- 
tion of lenses. Two of the best test objects are the Poduia 
plombea, or Skiptail, a small wingless insect, the size of a 
flea, found in damp cellars, and the Navicula Sigma, a small 

* The best clamp, referred to in the text, is Dollond's, or a modification of 
J>o}}ond*a clamp. 
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shell found in fresh water pools. The surface of the scales of 
the Podura plombea should appear covered with a great 
number of delicate marks, like notes of admiration. The 
Nayicula Sigma should appear completely chequered with a 
number of longitudinal and transverse lines. Should the 
instrument show these test objects well, it may at once be 
deemed a good one. 

TELESCOPES. 

The Refracting Telescope consists of a convex object-glass, 
which forms an image of a distant object, and an eye-piece of 
one or more lenses, which per- 
forms the office of a microscope 
for viewing this image. The 
most simple form of the tele- 
scope is that called the astronomical telescope, and consists of 
two convex lenses, the object-glass o, of as great focal length, 
and, consequently, low magnifying power, as the size of the 
telescope will permit, and the eye-glass e, of small focal length, 
and, consequently, high magnifying power. When arranged 
for distinct vision of a distant object, the distance between 
the two lenses is equal to the sum of their focal lengths : an 
inverted image, t, of the object is, consequently, formed in 
the common focus of the two lenses, and the pencils pro- 
ceeding from the image consist, after refraction at the eye- 
glass, of parallel rays, which are the most favourable for 
distinct vision. 

The magnifying power of this instrument is represented by 
the ratio of the focal length of the object-glass to that of the 
ejre-glass, and may therefore be increased either by increasing 
the K>cal length of the object-glass, or by diminishing that of 
the eye-glass. The latter means, however, cannot be resorted 
to without increasing both the chromatic dispersion and the 
^herical aberration. Hence, before the means were dis- 
covered of forming achromatic and aplanatic object-glasses, 
the only unobjectionable way of increasing the power of the 
telescope was by increasing die focal length of the object-glass, 
and astronomers used to attach the object-glass to the end of 
a kmg pole. This contrivance was called an aerial telescope. 
Hnyghens used one of 123 feet in length, and Cassini one of 
150 feet 

That the field of view should be as bright as possible, the 
image of the object-glass formed by the eye-glass at the place 
of the eye should not be larger than the ^u^u oi tJi^ ^'^^^^ %a^ 
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tha brigfatoMf will then Tary diractly as the gqotfe of die 
meter of tlia objeelrglasg, aad iDvereely es the squaie qf 
magnifying power. The brightneea is also diininiflhej 
paeeing through the refracting media; and hence it ia al^ 
an object to employ as few lenaes aa poaaible, oonaistenUj 
the attainment of the other reqoisitM of a good teleaoopt. 

Hefracting telescopes for astronomical observations we 
constructed with achromatic object-glasses, and eye-piec< 
two lenses, called celestial eye-pieces, which are of one oi 
other of the two following conatructiona : 

1. The Huyghenian Ey^-piscB oonsiata of two eonvexo^ 
lenses, with their plane sides, consequently, turned tot 
the eye, their focal lengths and the interval between i 
being as 8* 1> and d» The lens of greatest focal length, 



V"!^**^^"^* 




nejit the object-glass, and is called the field-lens, beean 
enlarges the field of view. When the telescope is area 
for distinct vision of a distant object, the field-lens is p] 
between the object-glass and its focus, at a distance fron 
latter equal to half its own focal length. The pencils ei 
from the object-glass, tending to form an image at a diat 
from the field-lens equal to three-pfourths of the interval 
tween the two lenses of the eye-piece, are intercepted bj 
field-lens and brought sooner to a focus so as to form 
image i, half way between the two lenses, and consequi 
in the focus of the eye«lens e. In this eye-piece the re 
tions of the axes of the pencils are equally divided bet^ 
the two lenses, by which the spherical confusion is n 
diminished ; the forms of the lenses are also such as to d 
nigh the spherical aberration, and the relation between 
focal lengths of the lenses and the interval between the 
such as to satisfy the conditions of achromatism. This 
piece* called a nsgatm eys^piece (p. 79), is always to be 
lerred, when we are only seeking to obtain the best def 
and most distinct view of an objeot, and is the best eye-jc 
for all reflecting telescopes ; but when it is necessary to p 
cross-wires or spider-lines at the place of the image in 
field of view* for the purpose of accurately measuring 
position of an object, at the time of observation, or to appl 
ajoparatus, called a micrometer, for measuring the dimena 
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of HI imtgo. tb^ Huyghemau eye*piece can no longer ba em- 
pbjod. 

Wfli have then reoourse to Ramsdm'g Eye-piea, called a 
Fontive Eye-piece (p. 79). ThJM consists of two lenses of equal 




kcd lengths, one plano-convex, and the other convexo-plane, 

10 that the convex sides are turned towards one another, the 

interval between them being equal to two-thirds of the focal 

length of either, When the telescope is arranged for distinct 

Tuion of a distant object, the field-lens /, is placed at a dis- 

tmce from the object-glass o, greater than the focal length of 

this glass by one-fourth of its own focal length, The focus of 

the object-glass is then also the focus of the entire eye-piece, 

and the rays proceeding from the image at i, emerge from the 

eye-lens e, parallel, or in the condition best adapted for dis- 

Unct vision. This eye-piece is not achromatic, but the spherical 

iberration is less with it than with the Huyghenian eye-piece. 

Whether the eye-piece be positive or negative, a diaphragm is 

placed at the place of the image so as to intercept fUl the ex- 

traneona light. 

With the eye-pieces of which we have been speaking, the 
object appears inverted, which is no inconvenience when this 
object ia one of the heavenly bodies. These eye-pieces are 
consequently called celestial eye-pieces. For the convenient 
observation of stars near the zenith, a plane reflector or prism 
is placed in the eye-piece, by which the directions of tho 
pencils are turned, so that the axis of the eye-lens is at right 
angles to the axis of the instrument. Such an eye-piece is 
called a diagonal eye-piece. 

When terrestrial objects are to be viewed, it is generally 
necessary that they should appear erect, for which purpose 
the inverted image formed by the object-glass must be again 
inverted by the eye-piece. The terrestrial, or erect eye-piece, 
nted for this purpose, is coincident with the compound micro- 
icope already desciibed (p. 79), consisting of an object-lens, a 
diaphragm, amplifying lens, field-lens, and eye-lens, the two 
latter forming either a negative or positive eye-piece. In con- 
sequence of the loss of light consequent upon this construc- 
tion, portable telescopes with celestial oye-piecoa are used by 
navigators for descrying objects at night, and these telescopes 
are, oonsequently, called night-glasses. 
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By substituting for the convex eye-lens of the astronooi 
telescope a concave eye-lens of the same focal length, a mm 
telescope is formed with only two lenses, which shows olgi 
erect. This is called the Galilean 
telescope, and is the construction 
used for opera glasses. When 
arranged for distinct vision of a 
distant object, the object-glass and eye-lens are sepan 
by a distance equal to their focal lengths. The pm: 
of light proceeding from the object, after refraction al 
object-glass o, tend to form an image of the object in 
common focus of the two lenses; but, being intercepted 
the concave eye -lens «, their rays are rendered parallel, j 
consequently, adapted to produce distinct vision to an 
placed behind this lens. 

The magnifying power, as in the astronomical telescop 
represented by the ratio of the focal length of the objectrg 
to that of the eye-lens. 

Reflecting Telescopes. — Since the discovery of the metl 
of forming achromatic and aplanatic object-glasses, the ma 
tude and available magnifying powers of refracting telesa 
are theoretically unlimited; but the difficulty of procu 
flint glass of even texture and free from flaws, in piece 
any considerable magnitude, has hitherto practically plaw 
limit upon the magnitude and available power of refrao 
telescopes. By the substitution, however, of reflectors, wl 
are always achromatic, for the object-glasses, telescopet 
colossal magnitude have been most successfully construe 
Of reflecting telescopes there are four kinds — the Newton 
the Gregorian, the Cassegrainian, and the Herschelian. 

The Newtonian tele- 
scope consists of a con- 
cave object-speculum, 8, 
a plane reflector m, 
making an angle of 45° 
with the axis of the 
telescope, placed between the object-speculum and its fo 
and an eye-piece. The pencils of light proceeding froi 
distant object tend to form an image after reflection at 
object-speculum, .out are bent by the plane reflector, so 1 
the image is formed at i, on the axis of the eye-piece, anc 
the focus of the eye-lens. 

The Gregorian telescope consists, of a concave object-i 
culum, «, a small concave sp^culi^m, r, whose focal lengtl 
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ibort compared 
with tiuit of the 
olgect - specu- 
Iim, and an 
eye-piece. The 

fimall speculum is placed so that its focus is near the focus 
of the object-speculum, but a little further from this speculum. 
The pencils of light proceeding from a distant object, after 
Utiection at the object-speculum, form an inverted image, h, 
of the object at the focus of this speculum, and after reflection 
i^ain at the small speculum form a second image, i, inverted 
with respect to the former, and, consequently, erect with 
leepeot to the object. 

This telescope has, for terrestrial purposes, the advantage 
OTor the Newtonian telescope, of showing objects erect, but 
jields to it both in the brightness and perfection of the image, 
because the second mirror increases the spherical aberration 
produced by the first, and it is extremely difiGicult to give the 
mirrors the proper curvature to remedy this evil. 

The Gassegndnian telescope consists of two specula and an 
Ofe-piece, like the Gregorian, but the second speculum is con- 
Tez instead of concave, and is placed between the object- 
specoliim and its principal focus, at a distance from this focus 
somewhat less than its own focal length. The pencils of light 
proceeding from a distant object, after reflection at the object- 
Bpecalom, tend to form an inverted image of the object, but 
are intercepted, before doing so, by the convex speculum, and 
made to form the image still inverted, in the focus of the eye- 
lens. Objects, therefore, are still inverted ; but the spherical 
aberration of the convex speculum being opposite to that of 
tbe concave object-speculum, the whole spherical aberration is 
diminished. This telescope is also shorter than the Gregorian. 
It is, however, inferior to the Newtonian telescope for celestial 
observations, and not well adapted for terrestrial purposes on 
account of the inversion of the object. 

When light is reflected at a mirror or speculum, there will 
always be a waste and dispersion ; and in consequence of the 
two reflections, and also of the light intercepted by the plane 
mirror, or second speculum, the loss of light in all the re- 
flecting telescopes hitherto described is considerable. Sir W. 
Herschel, by a very simple contrivance, obtained what is called 
the front view ; but this construction is only applicable to in 
struments of very large dimensions. In the Herschelian tele- 
loope the axis of the objec^speculum, «, is slightly inclined tc 



the axis of the tube, and the image t, being thus throm. 
one side of tho tube, is there viewed by the eye-piece. 




We shall now proceed to explain the begt method* 
adjusting and testing telescopes, as given by Pearson ift 
valuable work on Practical Astronomy. 

Methods of Adjusting and Testing Refracting Teleseopes.-^litt ua Kill 
that we have a refracting teleseope of 34 feet focal length, and 3^ in 
nperture. Then, to test th4 objeet'glass, lay the tube of the telescope 
horizontal position upon some nzed support about the height of the eye, 
place a printed card vertically, but for a celestial eye-piece in an inyf 
position, against some wall or pillar at thirty or forty yards* distance, i 
to be exposed to a clear sky ; then, when the telescope is directed ti> 
object, and adjusted by the sliding tube for distinct vision, the letteri on 
card should appear clearly and sharply defined, without any coloumtio 
mistiness ; and, if very small points appear well defined, the objeot-glass 
be deemed a pretty good one for viewing terrestrial objects. If the | 
be intended for astronomical observations, fix at the same distance a h 
board, or one-half of a sheet of black paper, and a circular disc of white pi 
about a quarter of an inch or less in diameter, upon the center of the b 
ground ; then having directed the telescope to this object, and adjustai 
distinct vision, mark with a black-lead pencil the sliding eye-tube, at 
end of the main tube, so that this position can always be known ; and if 
sliding tube be gradually drawn out, or pushed in, while the eye baholdi 
disc, it will gradually eiUarge and lose its colour, till its edges cease to be 
defined. Now, if the enlarged misty circle is observed to be concentric ' 
the disc itself, the objoct-glass is properly centered, as it has reference to 
tube; but, if the misty circle goes to one side of the disc, the cell of 
object-glass is not at right angles to the tube, and must have its screw 
moved, and its holes elongated by a rat-tailed file, small enough to entei 
holes. When this has been done, replace the cell, and examine the di 
second time, and a slight stroke on the edge of the cell bv a wooden m 
will show, by the alteration made in the position of the misty portion ol 
disc, how the adjustment is to be effected, which is known to oe right m 
a motion in the sliding tube will make the disc enlarge in a circle conce) 
with the disc itself. When, then, the disc will enlarge so as to make n 
of diluted white Ught round its circumference, as the hiding tube holding 
eye-piece is pushed in, or drawn out, the cell may be finally fixed by 
screws passing through its elongated holes. When the object-glass is 
adjusted, we can proceed to ascertain whether the curves of the retp« 
lenses composing the object-glasi are well fi>nn«d and suitable for each 01 



Hi^V'^'^'Cll motion of the sliding tube of about one-tenth of an inch from the 
^ii&tof distinct yision, in a 3^-feet telescope, will dilute the light of the disc 
lui lender the appearance confused; the ^gure of the object-gkss is good ; 
pvticularly if the same effect will take place at equal distances from the 

Stint of good vision, when the tube is alternately drawn out and pushed in, 
DcK m object-glass is said to be aplanatic, A telescope that will admit of 
BHick motion in the sliding tube without affecting sensibly the distinctness 
f* of vinon will not define on object well at any point of adjustment, and must 
hb considered as having an imperfect object-glass in which the spherical aber- 
niios is not duly corrected. The achromatism of the object-glass is to be 
judged of b^ the absence of colouration round the enlarged disc. When an 
pbkct-gUss is free from imperfection both in respect of its aplanatism and 
ttbomatism, it may be considered a good glass for all terrestrial purposes. 

How hr an object-glass is good for astronomical observations can only be 

^^tennined by actual observation of a heavenly body. When a good telescope 

if diiected to the Moon, or to Jupiter, the achromatism may be judged of by 

>|teruately pushing in, and drawing out, the eye-piece, from the place of dis« 

tioct rision ; in the former case a ring of purple will be formed round tho 

<dge; and, in the latter, a ring of light green, which is the central colour of 

tili prismatic spectrum; for these appearances show that the extreme colours, 

DBd and violet, are corrected. Again, if one part of a lens employed have a 

^rent refractive power from another part of it, that is, if the glass, parti- 

^i^Iy flint glass, be more dense in one part than another, a star of the first, 

4r even of the second magnitude will point out the natural defect by tho 

^^bition of an irradiation, or what opticians call a wing at one side, which 

'^ perfection of 6gure or adjustment will banish; and, tlie greater the 

^rture, the more liable is the evil to happen. 

Another method of determining both the figure and quality of the obiect- 
9^^U is bv first covering its center by a circular piece of paper, as much as 
'^e-half of its diameter, and adjusting it for distinct vision of a given object, 
^liich may be the disc above mentioned, when the central rays are inter- 
^pted, and then trying if the focal length remains unaltered, when the paper 
^ taken away, and an aperture of the same size applied, so that the extreme 
^ys may in their turn be cut off. If the vision remains equally distinct in 
both cases, without any new adjustment for focal distance, the figure is good, 
^d the spherical aberration cured ; and it may be seen, by viewing a star of 
the first magnitude successively in both cases, whether the irradiation is pro- 
duced more by the extreme, or by the centred parts of the glass ; or, in case 
one-half of the glass be faulty and the other good, a semicircular aperture, by 
being turned gradually round in trial, will detect what semicircle contains 
the deflective portion of the glass ; and, if such portion should be covered, the 
only inconvenience that woiUd ensue would be the loss of so much light as is 
thus excluded. 

The smaller a large star appears in any telescope, the better is the figure 
of the object-glass ; but, if the image of the star be free from wings, the size 
of its disc is not an objection in practical observations, as it may be bisected 
by the small line by which the measure is to be taken. When, however, an 
objeet-glass produces radiations in a large star, it is unfit for the nicer pur- 
poses of astronomy. In testing a telescope, if a glass globe be placed at 40 
yards distance when the sun is shining, the speck of light reflected from this 
globe forms a good substitute for a large star, as an object to be viewed. 

Whenever an object-glass is under examination, it will be proper to have • 
the object examined by it in the center of llie field of view ; and, when an 
objectrglass is test«d for astronomical purposes by the methods described 
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above, it ii necessary to emploj a good negative eye-piece^ wbidk 
gives a better field of view than tlie positive. 

If any firinges of red or yellow are observed on the edges of a whits 41 
placed on a hhck gronnd^ when the telescope is adjusted for distinct viilM 
and the disc carri^ too near the edges of the field, this species of oolooqiil 
indicates that the eye-piece is not suffidentiy firee from spherical abemtiMj 
and, if the carves of the lenses are suitable for each other, the cure is eftHll 
by an alteration in the distance between them, which mus be finally adjol 
by trial with a good object-glass. 

Methods of AdjtuHng arid Testing Reflecting Tdescopet, — To vA 
the specula of a Oassegndnian or Gregorian instrument procure a Hiimiii!! 
eye-piece, which will render an object visible in the compound focus of I 
two lenses of which it is composed ; then hold this eye-piece in front of f 
Hnyghenian eye-piece of the telescope, and, by varying tiie distance, find 1 
position in which the image of the lai^e speculum is seen, well defined thros 
both eye-pieces, and, if the image of the small speculum is seen predsely 
the center of the large one, the metals may be considered as rightiy place 
but, if not, the proper screws must be used in succession, till the reqah 
position is determined. When the face of the large metal stands at n| 
angles to the length of the tube, the adjustment may generally be finisb 
without disturbing it ; and, when the bed that receives it has once been p 
perly finished, it will be advisable not to alter it, unless some accident shot 
render such alteration indispensable. 

To try whether the figures of the metals are adapted for each other. — ^1 
the instrument be directed to some luminous point, as a white disc on a bb 
ground, or, what is better, to a star : then having adjusted for distinct visit 
firstly observe if the disc or star is well defined, and free from irradiatica 
secondly, carrying the small speculum short distances beyond, and sh<»t 
the place for distinct vision, examine if the disc or star enlarges alike 
^milar changes of position : if the result be satisfactory, the metals may 
considered as well placed, and well adapted for each other. 

To try whether the large speculum partake of the parabolic form, let ^ 
uperture be partially covered, first at the central part, and then round * 
circumference by tin, pasteboard, or stiff paper; and if on trial the n 
adjustment for distinct vision be good in both these cases, and also when 
tp(»culum is all exposed, the figure may be considered good. If these effc 
bo not produced, the instrument will be incompetent to perform several of 
idoer observations in astronomy. When a mistiness appears in the field 
is a proof that the aberrations are not corrected, and that the figure od 
leMt one of the specula is not perfect. 

If a telescope is not good with its full aperture, its effect may be gres 
i^pl^ved, by putting a cover on the mouth, with a circular aperture, 
^Wttt one-half the diameter that the tube has, in such a way that the dli 
Wh^btsd Aperture may fall entirely at one side of the opening of the tube. 

THE SOLAR MICROSCOPE. 

ttt tJlli instrument the object itself is not viewed throu 
A <iomblttiEition of lenses, as in the microscopes already i 
sfclib^ (pp% 76-81), but a magnified image of the object 
^ttti^ by A combination of lenses, and received upon a scre< 
I'be t^i'tii «ol«ir is applied to the instrument, because the lig 
^ tb« Btttt> concentrated by a lens, is made use of to illumini 
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die object to be observed, and the construction is in all other 
lespects identical mth the common magic lantern, and the 
(oy-hydrogen microscope. In the case of the microscope, how- 
ever, whether illuminated by the sun or the brilliant oxy- 
hydrogen light, great regard must be had to the forms of the 
knfies and the perfection of the setting ; while a comparatively 
Texy rough instrument forms a very amusing toy as a magic 
lantern, exhibiting grotesque figures and scenes, which are 
pimted in transparent colours upon glass slides. 

The arrangement of the apparatus will be understood from 
Ae annexed diagram ; r is a reflector for turning the sun's 




rays in a direction parallel to the axis of the instrument : c 
is the lens for concentrating these rays upon the object placed 
at 0, a little further from the first lens, p, of the magnifier, 
than the focal length of this magnifier, which is one-fourth the 
focal length of p ; then we have p and m, the. two lenses form- 
ing the magnifier, which are of equal focal length, and sepa- 
rated by an interval equal to two-thirds of the common focal 
length, as in Bamsden's positive eye-piece : lastly comes the 
diaphragm, d^ placed at a distance from m, the second lens 
of the magnifier, equal to the focal length of this magnifier, 
which is one-fourth the focal length of m or p. 

The best forms of the two lenses are, for the first, a plano- 
convex, and, for the second, a convex meniscus, the radii of 
whose surfaces are as 1 to 15 ; and the advantage aimed at 
in this construction is to render the image fiat, and conse- 
qaendy capable of coinciding with the plane screen upon which 
it is to be received. A similar purpose is the object of the 
construction of Eamsden's eye-piece, viz., to obtain, as it is 
there called, a flat field. 

The object being placed a little further from p than the 
focal length of the magnifier, the pencils of rays from each 
point of the object, after passing through the two lenses, be- 
come slightly convergent, and, at a distance from the diaphragm 
depending upon the distance of the object from the lens p, the 
magnified image is formed inverted with respect to the object. 

THE CAMERA OBSCUBA. 

This instrament consists of a plane reflector, upon which 
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pencils of light from the various points of a lani wape (ure t^ 
ceived and reflected, so as to pass flrst through a diaphngn, 
aud then through a plano-convex lens, after which the iftjsrfi 
the pencils hecome convergent, and form an image upon i 
screen in a darkened chamber placed to receive it. The di|J 
phragm and lens are placed in a tube, which is passed throo^i 
a hole in the chamber just large enough to receive it, so tM^ 
no extraneous light may be admitted. The distance of thi^ 
lens from the diaphragm is determined upon the conditiosj 
that the image shall be distinct. The form of the screen also, 
that the image may be distinct, is a paraboloid of revolution,' 
or figure formed by the revolution round its axis of a pam- \ 
bola, whose radius of curvature at the vertex is fAf,fji. being the 
refracting power of the medium of which the lens is formed, 
and / the focal length of the lens. A curved surface of this 
form is, therefore, made of plaster of Paris, and placed at a 
distance from the lens rather greater than the focal length, 
the exact distance depending upon the nearness or remote- 
ness of the landscape to be depicted, and being easily found 
by trial. If the camera be set up in the neighbourhood of a 
well-frequented t^ioroughfare, we have then an agreeable suc- 
cession of distinct and vividly-coloured pictures, differing from 
finely-executed paintings only by exhibiting the actual motions 
of the objects viewed, men walking, horses trotting, soldiers 
marching, banners streaming, and foliage shaking in the 
breeze. 

THE CAMERA. LUCIDA. 

This ingenious instrument, the invention of Dr. Wollaston, 

consists of a quadrilateral prism, of which a b c d represenUr a 

section made by a plane at right angles 

to each of its edges, mounted upon an 

axle parallel to its edges. This axle 

is attached to the end of a rod sliding 

in a tube, which has at the other end 

a clamp for fixing it to the edge of a 

tabic, 60 that the distance of the prism 

from the table can be shortened or 

lengthened at pleasure, jl b is equal 

to B 0, and a d to d c, and the angles of the prism are a right 

angle at B, an angle of 185° at d, and angles each 67'' 3<y 

at A and c. Over the face b a, and projecting beyond a, is a 

plate of metal having in it a narrow longitudinal aperture, 

which is just Usected by the edge a of the prism. 
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The axis q r, of a small pencil of light from an object q, 
rectly in front of the face b c, passes straight through this 
x;e, and fells upon the face d c, making with it an angle of 
'2° 30'. It is there reflected* into the direction B s, and falling 
ipon the face d a, at the same angle, is again reflected into 
the direction st, perpendicular to the face ab, and conse- 
quently passes straight through this face without refraction. 
Looking down through the aperture in the metal plate, an image 
of the object q is seen at p, at a distance from a b equal to 
the distance of the object itself from b c ; and if a b be placed, 
bj means of the sliding rod before mentioned, at a distance 
from the table equal to the distance of the object from the 
prism, and a sheet of paper be laid upon the table at p, the 
apparent place of the object, as seen through the prism, 
wHl coincide with the actual place of the paper, seen through 
the projecting part of the aperture, and an accurate drawing 
of the object may be traced upon the paper. If the object q 
be distant, its image may be brought nearer, and thus made 
to coincide with the place of the paper, by placing a concave 
lens before the face b c of the prism. 



PART III.— SUEVBYINa INSTEUMENTS, 

Surveying instruments may be divided into three classes: 
1. Instruments for measuring distances. 2. Instruments for 
measuring angles. 3. Instruments for laying down the survey 
upon paper, or, as it is called, plotting the survey. 

Under the first of these classeB we propose to describe — 

1. The chain. 

2. The spirit leyel and levelling itaves. 

* When a ray of light passes from a denser into a rarer medium it is re< 
fiacted &rther nrom the perpendicular to the refracting sur&ce, so that, i 
f be the angle which the ray in the denser medium miJces with the perpen 
dicular to this surface^ and ^ the angle which the ray in the rarer mediun 
after refiraction^ makes with the same perpendicular^ /z sin. ^ = sin. ^', th 
lefiracting power /• being greater than unity. If^ then, the angle p be i: 
ereased, the angle p' is also increased, and becomes a right angle, when 

becomes equal to the angle whose sine is equal - . The ray then is 

A* 
fracted directly along the sur£ice, and neither emerges, nor is reflected ; 1 

if ^ be still fiurther increased, the ray of light is reflected back into 
denser medium, according to the ordinary law of reflection. With ordii 
crown glass, for which ^ = |, this takes place "wViftii ^ txt^t^^ ^V ^^ 
tbe my makea with the tur^e an angle leta tSiaxi \%^ W* 
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Under the second we shall include — 

1. The prismatic compass. 3. The optical squane. 

2. The box sextant. 4 The theodolite. 
And under the third, in addition to the instruments already described in 

Part I. of this Work, we shall say something of — 

1. The large circular protractor. 

2. The T square and semicircular protractor. 

3. The best form of plotting scale. 

4. The station pointer. 

THE LAKD CHAIN. 

Gunter's chain is the instrument used almost univerBally 
for measuring the distances required in a survey. For exten- 
sive and important surveys, however, such as those carried on 
under the Board of Ordnance, a base of about 5 or 6 miles 
in length is first measured by some more accurate instru- 
ment, and all the principal lines, and the distances of the 
extreme points, are calculated from triangles connecting them 
with this base. An instrument which has been known tD 
answer well for this purpose is a steel chain 100 feet long, 
constinicted by Ramsden, jointed like a watch chain. Thw 
chain is always stretched to the same tension, supported on 
troughs laid horizontally, and allowances are made for changes 
in its length made by temperature, at the rate of -0075 of an 
inch for each degree of heat from 62° of Fahrenheit. 

To return, however, to Gunter's chain ; — it is 66 feet, or four 
poles in length, and is divided into 100 links, which are joined 
together by rings. The length of each link, together with the 

. . , , . , 66 X 12 

nngs connecting it with the next, is consequently — r-prrr — 

inches, or 7*92 inches. To every tenth link are attached 
pieces of brass of different shapes for more readily counting 
the links in distances less than a chain. 

The following tables exhibit the number of chains and links 
in the different units of lineal measure, and the number of 
square chains and links in the different units of square mea- 
sure, made use of in this country : — 

A TABLE OF LINEAR MEASURES. 



Links. 
25 


Feet. 
16i 


Yards. 
5h 


Poles. 
1 






100 


66 


22 


4 


Chains. 
1 




1,000 


660 


220 


40 


10 


Furlongs. 


8,000 


5,280 


1,760 


820 


80 


Mile 
8 1 



J 



USE OP THE LAND CHAIN 
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Sq. Links. 
625 

10,000 

26,000 

100,000 

64,000,000 



Sq. Feet 


Sq. Yards. 


Sq. Pole, 
or Perch. 








272i 


30i 


1 










Sq. Ch. 




4,356 


484 


16 


1 


Roods. 


10,890 


1,210 


40 


2i 


1 


Acres. 


48,560 


4,840 


160 


10 


4 


1 


2,787,400 


3,097,600 


102,400 


6,400 


2,560 


640 



Sq.Mile. 
1 



1176 
1176 

6876 
8225 
12925 



As, then, an acre contains 100,000 square links, if the con- 
tent of a survey, cast up in square links, be diyided by 100,000, 
the quotient gives at once the content in acres, and decimals 
of an acre. But the division by 100,000 is performed by 
merely pointing off the five last figures towards the right 
hand for the decimals of an acre, and the remaining figures 
towards the left hand are the acres in the content required. 

The decimals thus pointed off being then multiplied by 4, 
and the five last figures pointed, off as before, the 
remaining figures are the roods ; and the five deci- 
mals cut off from this product, multiplied by 40, 
give the poles, or perches, and decimals of a pole, 
the same number, 5, of digits being again pointed 
off, including the zero, which arises from the mul- 
tiplication by 40. Thus, if the side of a square. 13-80626 
field measured 11 chains, 75 links, or 1175 links, ^ 

the area of the field would contain 1175 x 1175, or 
1,380,625 square links, which is equivalent to 
13*80625 acres. Then -80625 acres is equivalent 
to -80625 X 4, or 3-22500 roods; and, again, -22500 
roods is equivalent to -22500 x 40, or 9-00000 poles. The 
field consequently would measure 13 acres, 3 roods, 9 poles. 

Ten arrows must be provided with the chain, about 12 
inches long, pointed at one end, so as to be easily pressed 
into the ground, and turned at the other end, so as to form a 
ring to serve for a handle. 

In using the chain marks are first to be set up at the ex- 
tremities of the line to be measured. Two persons are then 
required to perform the measurement. The chain leader starts 
with the ten arrows in his left hand, and one end of the chain 
in his right, while the follower remains at the starting point, 
and, looking at the mark, or staff, at the other extremity of 
the line to be measured, directs the leader to extend the 
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chain in the direction of this mark. The leader then pots 
down one of his arrows, and proceeds a second chain's lengtib 
towards the end of the line, while the follower cornea tip to 
the arrow first put down. A second arrow heing now pat 
down by the leader, the first is taken up by the follower, and 
the same operation is repeated till the leader has expended 
all his arrows. Ten chains, or 1000 links, have now been 
measured, and, this measurement having been noted in thfl 
field book, the follower returns the ten arrows to the leader, 
and the same operations are repeated. When the leader 1 
arrives at the end of the line, the number of arrows in the foV ; 
lower's hand shows the number of chains measared since ihA ' 
last exchange of arrows, noted in the field book, and thi 
number of links extending from the last arrow to the mark, or 
staff, at the end of the line being also added, gives the 
entire measurement of the line. Thus, if the arrows •J^ 
have been exchanged 9 times, and if the follower have ^ 

4 arrows, and from the arrow last laid down to the end . 

of the line measure 63 links, the whole measurement d46$ 
will be 9463 links. 

To assist in preserving the line straight, as well as to ferre 
for a check upon the number of chains measured, it is a good 
method to set up a staff at each ten chains, when the arrowv 
are exchanged. 

In using the chain care must be taken to stretch it always 
with the same tension, and, as it will give when much used, it 
must occasionally be examined, and shortened if necessary. 

When the ground over which the mes^purement is taken 
rises or falls, or both alternately, the horizontal distances are 
what we require for plotting the survey, and not the actual 
distances measured along the line of the ground. 

For many ordinary purposes the horizontal measurement 
may be obtained by holding one end of the chain up, so as to 
keep it, as nearly as can be judged, horizontal, the arrow being 
placed vertically under the end so held up; but, when a more 
accurate survey is required, the distances must be measured 
along the line of ground, and, the angles of elevation and de- 
pression of the several inclined parts of the line being after- 
wards taken with the theodolite, or the vertical risings and 
fallings being taken by the process of levelling with the spirit 
level and staves, the correct horizontal distances must thenoe 
be computed. The following table shows the number of links 
to be subtracted from every chain, or 100 links, for the angles 
there set down, being in ;t the versed sines of those angles 
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«dias of 100< The correction for each 100 links* for any 
vrhatever, may at once be taken from a table of natural 
i sines, by considering the first two figures as integers. 
;orrection may also be taken from a table of natural co- 
by subtracting each of the first four figures from 9, and 
ning the first two figures as integers, arid the last two as 
lals : thus, to find the correction for an inclination of 8^ 19', 
the first four figures of the cosine of 8® 19^ which will 
J94, and. subtracting each of these four figures from 9, 
itain 0106 : then, considering the first two figures of this 
; as integers, and the last two as decimals, we have 106 
le correction due to the inclination 8° 19' for every 100 
If the last figure in the correction thus found be in- 
»d by 1, whenever the fifth figure of the cosine is less than 
3 result will be more accurate. 



sliowing tlie deduction in Links and Decimals of a Link upon 100 
Links for every half Degree of Inclination from 3" to 20* 80'. 
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e advantage of Gunter's chain is its adaptation to the 
ficial measure of land in acres, &c. ; but, when a survey 
be made for the purpose of linear measurements only, or 

it may be more convenient to compute the area in 
e feet, a chain 100 feet long, divided into links of a foot 

is to be preferred. Such a chain is best adapted to 
iry surveying. 

sets, perpendicular to the main line, to hedges and re- 
ible objects on either side of it, are measured fi-om the 

as it lies stretched upon the ground, by means of an 
ing staff". This staff should b© 10 Uukft in letv^ih, ojid 
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divided into links. With Gunter's chain the staff, then, id 
be 6*6 feet, or 6 feet 7-2 inches long, while with the 100 fil 
chain it will be 10 feet in length. 

THE SPIRIT LEVEL. 

Certain parts of the capital instruments used in surveyia 
and in astronomical observations, require to be adjusted in tcij 
horizontal positions ; and, to arrive at this adjustment, omj 
more subsidiary instruments, called spirit levels, are attach 
to such principal instruments. The spirit level attached to 
good telescope, furnished vdth a compass, and such means 
correct adjustment as we shall presently describe, becom 
also itself a capital instrument, being used in that depai 
ment of surveying, termed levelling, which consists 
measuring the vertical distances between various stations. 

The spirit level consists of a glass tube, differing from tl 
cylindrical form by having its diameter largest in t£e midd! 
and decreasing slightly and with great regularity from i 
middle to the ends. The tube is nearly but not quite fill 
with. spirits of wine, thus leaving in it a bubble of air, b b, whi 
rises to the highest part of the tube, so as to have its two en 
equally distant from the middle, when the instrument is 
adjustment, as represented in the annexed figure. 
The tube is generally fitted into another tube of 
metal, and attached to a frame terminating in 
angular bearings, by which the level can either be suspenc 
from, or else be stood upon, cylindrical pivots. When, he 
ever, the level forms a permanent part of any instrume 
the manner of attaching it is modified to suit the particn 
form of the instrument to which it is attached. A small f 
accurately-divided scale is attached to the best instrumei 
or otherwise a scale is scratched upon jthe glass tube itself, 
represented in the figure given above. 

The annexed figure 
is a representation of i: (j^ 
such a level as is used 
for levelling the axis of 
the best astronomical 
instruments. It is 
provided vrith a fixed 
scale, seen in the figure, and is suspended by means of 
curately constructed angular bearings. 

The following criteria of a good level are extracted fr 
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Dr. Pearson's yalaable work on Practical Astronomy, before 
referred to. 

"l^rstly, the bnbble must be long enough, compared with the whole tube, 
to admit of quick displacement, and yet hot too long to admit of its proper 
dongation by low temperature. 

" Secondly, the curve must be such, that the sensibility and imiform run 
of the bubble will indicate quantities sufficiently minute, while those quan- 
tiliet oorrespond exactly to the changes of inclination, as read on the graduated 
finb of the instrument of which it forms a part. 

"Thirdly, the babble must keep its station when the angles are moved a 
fitde round the pivots of suspension. 

" Fourthly, the opposite ends of the bubble must vary alike in all changes 
•f temperature, or, in other words, the ends of the bubble must elongate or 
OBtrKt alike in opposite directions, so that the middle point may always be 

** Fifthly, the angles of the metallic end-pieces must be so nicely adjusted 
tbt reversion on horisEontal pivots that are equal will not alter the place of 
dM babble. 

"Sixthly, the distance between the two zeros of a fixed scale, when such 
t gndaated scale is used, should be equal to the length of the bubble at the 
toBpentvie of 60° of Fahrenheit's scale, and should be marked at equal dis- 
tuwM from the visible ends of the glass tube. Then, as the bubble 
IngthMit by cold, or shortens by heat, its extreme ends may always be 
nwred to these fixed marks, 0, on the scale, and will &11 either with- 
iii opon, or beyond them, according to the existing temperature. The num- 
Wr (^ tabdivisions of the scale that each end of the bubble is standing at, 
eaonted from the fixed zero marks, at the instant of finishing an observation, 
■ast always be noted, that an allowance may be made for the value of the de- 
liation in seconds, or as the case may require. 

"Seventhly, when the two ends of the bubble are not alike affected by a 
dnge of temperature, the scale should be detached, and adjustable to the 
Mv mo points, by an inversion of the level. 

"Bkhthly, when the scale has only one zero at its center, which is a mode 
ofdivi£iig tiie least liable to misapprehension, the positions must be reversed 
it Mch observation, and both ends of the bubble read in each position ; for 
ii tins case, if any change has taken place in the true position of this zero, 
d^ resulting error will merge in the reduction of the observation. This mode 
sf gndnating is generally practised on the continent** 

We proceed now to the description of the most accurate in- 
struments for measuring the differences of level, or vertical dis- 
tiDces, between different stations. 

Of spirit levels for this purpose there are now three in use, 
namely, the Y level, Troughton's improved level, and Gravatt's 
level. 

THE Y LEVEL. 

The following figure represents this instrument, a is an 
ichromatic telescope, resting upon two supporters, which in 
shape resemble the letter Y, and are consequently called the 
Ys. The lower ends of these supporters are lot perpendicu- 
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larly into a strong bar, \vhich carries a compass box, o. This 
compass box is convenient for taking bearings, and has a ooa- 
trivance for throwing the needle off its center, when not in 
use. One of the Y supporters is fitted into a socket, and can 
be raise or lowered by the screw b. 

Beneath the compass box, which is generally in one piece 
with the bar, is a conical axis passing through the upper of 
two parallel plates, and terminating in a ball supported in a 
socket. Immediately above this upper parallel plate is a 
collar, which can be made to embrace the conical axis tightly 
by turning the clamping screw £, and a slow horizontal mo- 
tion may then be given to the instrument by means of the 
tangent screw d. The two parallel plates are connected to- 
gether by the ball and socket already mentioned, and are set 
firm by four milled-headed screws, which turn in sockets fixed 
to the lower plate, while their heads press against the under 
side of the upper plate, and thus serve the purpose of setting 
the instrument up truly level. 

Beneath the lower parallel plate is a female screw, adapted 
to the staff-head, which is connected by brass joints with three 
mahogany legs, so constructed as, when shut together, to form 
one round staff, a very convenient form for portability, and, 
when opened out, to make a very firm stand, be the ground 
ever so uneven. 

The spirit level II ia fixed to the telescope by a joint at 
one end, and a capstan-headed screw at the other, to raise or 
depress it for adjustment. 

In looking through a telescope a considerable field of view 
2B embraced; but the measurements indicated by any instru- 
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ment, of which the telescope may form a part, will only have 
reference to one particular point in this field of view, which 
particular point is considered as the center of this field of 
view. We must therefore place some fixed point in the field 
of view, and in the focus of the eye-piece, and the point to 
which the measurement will have reference will he that point 
of the ohject viewed, which appears to he coincident with this 
fixed point, or which, as the technical phrase is, is bisected 
by the fixed point. 

The intersection of two fixed lines will furnish us vrith such 

a fixed point, and consequently two lines of spider's thread 

are fixed at right angles to each other in the focus of the 

eye-piece. They are attached by a little gum to a brass ring 

of smaller dimensions than the tube of the telescope, and which 

is fiixed to the tube by four small 

screws, a, 6, c, d. If the screw d 

be eased, while at the same time e 

is tightened, the ring will be 

moved to the right ; but, if « be 

eased and d tightened, the ring 

will be moved to the left ; and in 

a like manner it may be moved up 

or down by means of the screws 

a and b. 

When the instrument is in adjustment, the axis of the tube 
of the telescope is set truly horizontal by means of the level 
beneath it, and the line of observation ought consequently to 
be parallel to this axis. Let A 'represent the proper position 
of the intersection of the cross 
wires, and o a, the direction 
of the axis of a pencil of light ^ 
passing through the object- 
glass and coming to its focus at a. Then, the axis of the 
tube of the telescope being set truly horizontal, the line a o 
is also truly horizontal, and every point bisected by the inter- 
section of the cross wires will be situated on the prolongation 
of the horizontal line a o. 

Suppose now the position of the diaphragm carrying the cross 
wires to have become deranged, so that the point of inter- 
section is moved to b, then every point bisected by the inter- 
section of the cross wires will be on the prolongation of the 
line B 0, and will consequently be below the true level point 
on the line a a 

Let now the telescope be turned ba\i IowsAYQL^^^X%^«s^^ 
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let the annexed figure represent it in its new position ; then, 
in this new position of the 
telescope, the prolongation 
of the line b o will rise above jg 
the prolongation of the level 

line A 0, and, at the same distance from the telescope, the 
point now bisected by the intersection of the cross wires will be 
as much above the true level point on the line a o as the point 
before bisected by them was below it. The true level point is 
therefore midway between the two points observed in the two 
positions of the telescope, and the diaphragm carrying the 
cross wires is to be moved by means of the screws a, 6, e, d, 
till their point of intersection coincides with that true 
level point. The telescope is then to be again turned round 
upon the Ys, and, if the same point be still bisected by the 
intersection of the cross wires, they are in their prof>er posi- 
tion ; but, if not, the same method of adjustment must be re- 
peated till the same point is bisected by Qie intersection of the 
cross wires in every position of tho telescope. 

This error of derangement has a technical denomination. 
The line o a, or o b, &om o to the point of intersection of the 
cross vdres, is called the line of coUimation, and the error 
arising from their derangement, which we have shown the 
method of detecting and correcting, is called the error oj 
coUimation. 

When the image of the object viewed, formed by the olgectr 
glass, either falls short of, or beyond the place of the cross 
wires, the error arising from this cause is called pardUax* 
The existence of parallax is determined by moving tlie eye 
about when looking through the telescope, observing whether 
the cross wires change their position, and are flittering and 
undefined. 

To correct this error, first adjust the eye-piece, by means of 
tlie moveable eye-piece tube, till you can perceive the cross 
wire clearly defined, and sharply marked against any white 
object. 

Then by moving the milled-headed screw a, at the side of the 
telescope, the internal tube a is thrust outwards or drawn inr 
wards, until you obtain the proper focus, according to the distance 
of the object, and you are enabled at once to see clearly the 
object, and the intersection of the wires, clearly and sharply 
defined, before it. The existence of parallax is very incon- 
venient, and, where disregarded, has frequently been productive 
of serious error. It will not always be found sufficient to set 
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the eye-glass first, and the object-glass afterwards. The set- 
ting of the object-glass, by introduciDg more distant rays of 
light, will affect the focus of the eye-glass, and produce parallax 
or indistinctness of the wires, when there was none before ; 
ike eye-piece must, in this case, be adjusted again. 

Generally, when once set for the day, there is no occasion 
for altering the eye-glass, but the object-glass will of course 
have to be altered at every change of distance of the object. 

In adjusting the instrument, the parallax should be first 
corrected, and then the error of collimation. The line of colli- 
mation being thus brought to coincide with the axis of the tube of 
the telescope, two further adjustments are necessary : the first to 
•djast the bubble-tube, so that it may truly indicate when the 
axis of the telescope is horizontal ; and the second to set the 
axis of the telescope perpendicular to the vertical axis round 
which the instrument turns. 

To adjust the Bubble-Tube. — Move the telescope till it lies 
in the direction of two of the parallel plate screws, and by 
giving motion to these screws bring the air bubble to the 
center of its run. Now reverse the telescope carefully in the 
Ta, that is, turn it end for end ; and, should the bubble not 
aetde at the same point of the tube as before, it shows that 
the bubble-tube is out of adjustment, and requires correcting. 
The end to which the bubble retires must then be noticed, 
and the babble made to return one-half the distance by turn- 
ing the parallel plate screws, and the other half by turning 
the capstan-headed screw at the end of the bubble-tube. The 
telescope must now again be reversed, and the operation be 
repeated, until the bubble settles at the same point of the 
tube, in the center of its run, in both positions of the instru- 
ment. The adjustment is then perfect, and the clips which 
serre to confine the telescope in the Ys should be made fast. 

Iduth, to set the Axis of the Telescope perpendicular to the 
Vertical Axis round which the Instrument turns, — Place the 
telescope over two of the parallel plate screws, and move them, 
unscrewing one while screwing up the other, until the bubble 
of the level settles in the center of its run ; then turn the 
instnunent half round upon the vertical axis, so that the con- 
tnxj ends of the telescope may be over the same two screws, 
and, if the bubble does not again settle at the same point as 
before, half the error must be corrected by turning the screw 
B, and the other half by turning the two parallel plate screws, 
OTcr which the telescope is placed. Next turn the telescope 
a quarter round, that it may lie ovet l\\e oXXv^t V^^ ^fa^^'**^ 
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and repeat the process to bring these two screws also into 
adjustment ; and when, after a few trials, the bubble main- 
tains exactly the same position in the center of its run, whild 
the telescope is turned all round upon the axis, this axis will 
be truly vertical, and the axis of the telescope, being hori- 
zontal by reason of the previous a^ustment of the bubble- 
tube, will be perpendicular to that vertical axis, and remain 
truly horizontal, while the telescope is turned completely round 
upon the staves. The adjustment is therefore perfect 

The object of the above adjustments is to maike the line of 
colbmation move round in a horizontal plane, when the in- 
strument is turned round its vertical axis, and the methods 
above explained suppose that the telescope itself is constructed 
with the utmost perfection, so that the axis of the tube carry- 
ing the object-glass is always in the same straight line with 
the axis of the main tube, which carries the diaphragm with the 
cross wires. If this perfection in the construction of the in- 
strument does not exist, the line of coUimation will vary, as 
the tube carrying the object-glass is thrust out, and drawn in, 
to adjust the focus for objects of different distances. What is 
really required, then, is that the cross wires be so adjusted 
that the line of coUimation may be in the same straight line 
with the line in which the center of the object-glass is moved, 
and that the bubble of the level be at the center of its run, when 
this line of coUimation is directed to view objects, at the same 
level, or at the same distance from the center of the earth. 

We are indebted to Mr. Gravatt, of whose level we shall 
hereafter speak, for a method of coUimating, which satisfies 
the above requirements, and removes any error arising from 
imperfection in the slide of the telescope, while at the same 
time the line of coUimation is set with the end at the object- 
glass, slightly depressed, instead of exactly horizontal, so as 
to remove, or nearly so, the errors arising from the curvature 
of the earth, and the horizontal refraction. 

To exanwie and coirect the CoUimation hy Mr. OravtUCt Method, — ** On 
a tolerably level piece of ground drive in three stakes at intervals of alxNit 
four or five chains, calling the first stake a, the second ft, and the third c. 

" Place the instrument half way between the stakes a and h, and read the 
staff A, placed on the stake a, and also the staffs, placed on the stakd b ; call 
the two readings, a' and b'; then, although the instrument be out of adjustment *, 



* The axis of thp instrument is to be set vertical by means of the parallel 
plate screws, by placing the telescope over each pair alternately, and moving 
them, until the air bubble remains in the same position, when the ioatni- 
ment is turned half round upon its axis. 
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yet %h» points read off will be equidistant from the earth's center, and con- 
seqnentlj leyel. 

** Nov remove the instrument to a point half way between 5 and e. Again 
read off the staff b, and read also a staff placed on the stake e, which call 
staff (the one before called a being removed into that situation). Now, by- 
adding the difference of the readings on b (with its proper sign) to the read- 
ing on o, we get three points, say a', b', and &, equidistant from the earth's 
center, or in the same true level. 

" Place the instrument at any short distance, say half a chain beyond it, 
and, nsinff the bubble merely to see that you do not disturb the instrument, 
read all three staffs, or, to speak more correctly, get a reading from each of 
ike stakes, a, 5, ; call these three readings a", b", d\ Now, if the stake h 
he half way between a and c *, then ought 0''— o'— (a'' — aO to be equal to 
2 [bi'' — b' — (a'' — a')] ; but if not, alter the screws which adjust the diaphragm, 
and consequently the horicontal spider line, or wire, until such be the case ; 
and then the instrument will be adjusted for collimation. 

" To adjust the spirit bubble without removing the instrument, read the 
staff A, say it reads a'", then adding (a'"— A^ with its proper sign to b' we 
get a value, say b'". 

** Adjust the instrument by means of the parallel plate screws +, to read 
b" on tlM staff B. 

" Jr«V| bjr Dm mrtws Attashed to the btthblt-tttbti bring tht bttbblo iito 
ilMoMMiroiftsniii. 

^ The instrument will now be in complete practical adjustment Ibf lev«l» 
dirratare, and horisontal refraction, for any distance not exoeeding IMI 
tiM aMUdmttm ttror being only ^th of a foot" 



Bdbrt iiiiking obMrvatlotii with thii initmiiKitit, the ad* 

jastments should be carefully examined and rectified, after 
which the screw b should never be touched; but at each station 
the parallel plate screws alone should be used for setting the 
axis round which the instrument turns truly vertical, when, 
in oonseqaence of the adjustments previously made, the line 
of collimation will be truly level. For this purpose the tele- 
scope must be placed over each pdr of the parallel plate 
screws alternately, and they must be moved till the air 
babble settles in the middle of the level, and the operation 
being repeated till the telescope can be turned quite round 
upon the stafif-head, without any change taking place in the 
position of the bubble, the instrument will be ready to read 
off the graduations upon the levelling staves, which we pro- 
ceed to describe. 

* Whatever be the distances between the stakes a, h, and e, the follow- 
ing proportions ought to hold, viz. :— 
Tho distance fi^m a : 6 : the distance a to c : : b"— b*— (a"— A^ : 0"— </ 

T If this adjustment be made by the screw B, instead of the parallel plate 
, the line of collimation will be brought into its proper position with 
to the vertical axis. 



^ 
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The beat constructed levelling staff* consists of three pirtj, 
'Nvhich pack together for carriage in a. neat manner, and, wlun 
opened out for use, form a staff seventeen feet long, jointed 
together something after the manner of a fishing-rod. Tht 
whole length is divided into hundredths of a foot, altemataij 
coloured black and ivhite, and occupying half the breadth a 
the staflf ; hut for distinctness Uie lines denoting tenths of feet 
are continued the whole breadth, every half foot or five-tentb 
being distinguished by a conspicuous black dot on each side. 

In all work where great accuracy is required, the Y level, 
above described, is preferable to either of the others; but bolli 
Troughton's level and Gravatt's level are calculated, by thai 
lightness, and by their being less liable to derat^ement when 
once properly adjusted, to get rapidly over the ground 

tbouqhton'b level. 




In this level the telescope. T, rests close down upon the 
horizontal bar, b b, the spirit level, 1 1, is permanently fired to 
the top of the telescope, and does not, therefore, admit of ad- 
justment, and the compass box, o, is supported over the level 
by four stnall pillars attached to the horizontal bar. This 
construction makes the instrument very firm and compact. 
The staves, staff-head, and parallel plates hy which the in- 
strument is supported, and tho vertical axis upon irtiich it 
turns, are of exactly the same construction aa has been 
already described as used for supporting the T level. 

The diaphragm is furnished with three threads, two of 
them vertical, between which the levelling staff may be seen, 
and the third, horizontal, gives the reading of the staff by ita 
coincidence with one of the graduations marked upon it. Some- 
times a pearl micrometer- scale is fixed on the diaphragm, in- 
stead of the wires. The central division on the scale, then, 
indicates the collimating point, and by its coincidence with a 
division of the levelling staff gives the required reading of 

* Thif iliiff wag Snt introdaced into oh by William OiaTBtt, Etq. 
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diis staff; and the scale Bervee the pnrpose of measuring dia- 
(&nces approsimately, and of detenuiQing stations nearly equi- 
distant from the instrument, since at such equal distances the 
staff irill subtend the same number of divisions upon the mi- 
cntmeter-acale. 

In selecting a level of Troughton's construction, and also 
in testing and adjusting the collimatiou subsequently, Mr. 
GraTatt's method, already described, is the best to be used; 
ind, ycbta the line of collimation is thus brought into adjnst^ 
ment, if the bubble be far from the center of its run, the fanlt 
am only be remedied by the maker; but, if the bubble settle 
tery nearly in the center of its run, the instrument may be 
deemed a good one, and, the divisions on the glass tube nhich 
coincide nith the ends of the bubble being noted, the instru- 
ment must be set up for use Tritb the bubble in this position. 

The line of collimation is set perpendicular to tlic vertical 
■xia, in tlie same manner as in the Y level, by means of the 
mfatm screws, b b, the bubble being made to maint^n the 
■frinto position, as above determiued, while the instrument 
%tBmed completely round on its asis. 

■ ''•■ int. oravatt's level. 

This instrument is fiimished with an object-glass of lai^e 
^rtnie and short focal length ; and, sufficient light being 




a obtained to admit of a higher magnifying power in the 
ars-piece, tLe advantages of a much larger instrument are 
owaioed, without the inconvenience of its length. The dia- 
phiagm is carried by the internal tube a a, which is nearly 
e^nal in length to the exteraal tube. The external tube xt is 

rDg at its aperture, and gives a steady and even motion to 
internal tube a a, which is thrust out, and drawn in, to 
a^DVKtibfl focus for objects at different distances by means of 
tlu ^Sed-headed screw a. The spirit level is placed above 
Af WMCope, aai attached to it by cap3t«a-V«%\«i& «rx%'^i%i 
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one at either end, by means of which the bubble can b 
brought to the center of its run, as in the case of the Y leu 
when the line of coUimation is brought to the proper len 
by Mr. Gravatt's method of adjustment, already expliiined. 

The telescope is attached to a horizontal bar, in a similf 
manner to Troughton*s lerel, but room is just left hetvm 
the telescope and the bar for the compass-box. 

A cross level, ky is placed upon the telescope at right angle 
to the principal level 1 2, by which we are enabled to set Hi 
instrument up at once with the axis nearly vertical. A mirroi 
m, mounted upon a hinge-joint, is placed at the end of the le?( 
I Z, so that the observer, while reading the staff, can at th 
same time see that the instrument retains its proper positio 
— a precaution by no means unnecessary in windy weather, c 
on bad springy ground. 

The telescope is attached to the horizontal bar by capstan 
headed screws, bb, as in Troughton's level, by which the lii 
of coUimation is set perpendicular to the vertical axis ; an 
the instrument is set up upon parallel plates, as before d( 
scribed, for the Y level. 

The operation of determining the difference of level bi 
tween two stations by observations made at a single station 
called simple levelling^ and is performed Sn follows : — 



Let ▲ and K be two polnti wlioM dUFerenoe of lavfd is i 
quired. Plant the initnunent at o, and adtjttit it to a ho 
zontal positi<m. Bead off a o, the height of a staff held at 

then turn the telescope round and read off e h, the height 
a similar staff, or of the same staff held at h. Then a o is t 
height of E, the axis of the telescope above the point A, ai 
E H is the height of s above another point, h ; and it 
clear that eh — ac=:gh, the difference of level between 
and H. 

In this operation the station a, at which the staff is first re 
off, is called the back station, and the station h is called t 
fore station ; and, if the reading of the staff at the back stati( 
be greater than that at the fore station, the difference of le^ 
J8 ailled a me; \>\x% if the reading at the back station be Ic 
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Ln Uiat at the ford, as in the example jast given, the differ* 
se of level is called a fall. 

When, from the nature of the ground, or the great distance 
tween the two points, they cannot both be observed from a 
igle spot, a series of simple levels must be taken, the fore 
idon at each operation being made the back station at 
e next operation ; and from the combination of all the re- 
Its thus oDtained the required difference of level is obtained. 
I these operations care must be taken, in going over soft 
ound, lest the staff at the fore station, when turned round 
be read as the staff at the btu^k station in the next opera- 
)n, should sink further into ground ; and, to prevent this, 
6 foot of the staff must be placed upon a flat, hard substance, 
a piece of slate or tile. There is a simple instrument called 
:ripod, sold for this purpose by the instrument makers, being 
nply a plate of iron with a small rounded projection in the 
Dter, two small spikes at the side to fix it in its place, and 
}bort chain to lift it l^, when the staff-holder wishes to re« 
)ve from his place. 

In determining by this method the difference of level be- 
een two distant points, it is immaterial by what route -we 
)ceed from one to another, so that such spots may be selected 
' the intermediate stations as are most convenient for the 
rpose. The bearings of the stations from the instrument 
) also matter of indifference ; but, the more nearly the in- 
ument is equidistant from the two stations observed at each 
eration, the more correct will be the result obtained, the 
X)rs in the back readings compensating, for the most part, 
3 errors in the fore readings, whether the errors arise from 
raction* and curvature f, or from the imperfect adjustment 
the instrument. 

If, then, the object be only to obtain the difference of level 
two points, we have only to record in two separate columns 
) readings of the staff at the back stations and fore stations 
ipectively, and the difference of the sums of these readings 

' The error of refraction ia that arising from the bending of the rajs of 
it during their passage through the atmosphere, and makes all ohjecti 
ear higher than they really are. 

• The object of levelling is to determine points upon a spherical sur&ce 
iqiiaUy distant from the earth's center, or to determine the diffsMnces of 
distances of a series of points from the earth's centre. The line of sight, 
Kolongation of the line of collimation, however, is a tangent to the spheri- 
snrfiice, and therefore the points observed upon this line are really above 
level of the point of observation. The correction for curvature is there- 
t additive^ nrhiJe that for refraction is BobttM^^t. 
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will be the difference of level required. — ^Thus, if the di£fo^ 
ence of level between two points a and b, be required, and if 
the readings at a and b, and three intermediate stations j3 1, 
© 3, © 3, be recorded as follows, viz. : — 



Back© 



Beading of staff at 







FeeC 
. 8:66 
. 2-b6 
. 8'89 
. 6-28 

14-87 



Fore© 



Feet. 

5*80 BeadiDg of staff at 1 

8-50 „ 2 

8-40 „ 8 

14-85 ^ B 



87-05 
14-87 

22-18 



Then 22-18 feet is the M from a to b, or a is 22-18 feet above b. 

When, however, it is required not only to find the difference 
of level between two distant points, but to make such obser- 
vations as shall enable us to draw a section exhibiting the un- 
dulations of the ground along some specified route from the 
one point to the other, then the stations must be so chosen that 
one of them shall be at the commencement of each change in 
the inclination of the ground ; the distances between the sta- 
tions must also be carefully measured ; and it is further advis- 
able to note the distances and bearings of the stations from 
the instrument, which it will be more convenient now to place 
on a point in the specified route between the stations. 

In drawing the section, it is the horizontal distances be- 
tween the several stations that must be laid down. For 
short distances, or over very irregular ground, such horizontal 
measurements may be obtained by bidding an assistant hold 
one end of a measuring tape close to the ground at the 
highest end of the distance, and holding the other end above 
the ground, stretching the tape in a horizontal line, a stone 
let fall from this end then marking upon the ground the point 
to which the measurement reaches. But, when the ground 
rises and falls in long regular slopes, the measurements should 
be taken along the slopes, and then be reduced to horizontal 
distances by calculation. If the rise or fall is but slight, this 
reduction may be altogether disregarded, the difference between 
the horizontal and hypothenusal measurements not exceeding 
the limits of error in the measure itself. 

Care should be taken to record all the observations in a 
clear and intelligible form, and for this purpose a field book 
may be prepared of the following form • — 
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[n the first colunm are entered the distances between the 
eral stations, which, being successivelv added to the pre- 
ing total, give the total dislances of each station from the 
[ting point: in the next column are entered the distances 
the stations from the instrument ; and in the third are 



no 
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entered the bearings of the stations from the instrument, h 

the fourth and fifth columns are entered the readings of th 

staves ; and in the sixth column the heights above datum t 

the several stations are computed by adding the back readisj 

to the height last found, and subtracting the fore reading ftoa 

the sum. The seventh and eighth columns are added for p@ 

forming the reduction of the measured distances to honzonti 

distances, when the slope is sufficient to render this reductio 

necessary. In carrying forward the distances to the nei 

page of the book, the total reduced horizontal distance shoul 

be carried to the top of the first and second columns instea 

of the total measured distance along the slope ; but such sal 

stitutions should not be made at any other part of the pagi 

as it would interfere vdth the proof of the distances by addui 

up the second column, which ought to produce the last di 

tance entered in the first. The levels are proved by subtiae 

ing the sum of the numbers in the sixth column from tl 

sum of the numbers in the fifth, when the remaindef shou 

be the height above datum of the last station recorded at ti 

bottom of the page. 

To facilitate the reduction of the measured distances to tl 
corresponding horizontal distances, the following table sho 
ing the reduction upon each 100 feet for each foot difPeren 
of level should be inserted in the field book : — 



Difference of 


Reduction 


Diflbrence of 


Reduction 


Difference of 


Reductioi 


Level for 100 


upon 100 feet 


Level for 100 


upon 100 feet 


Level for 100 


upon 100 fei 


feet distance. 


of distance. 


feet distance. 


of distance. 


feet distance. 


of distanei 


i 


0-08 


13 


0-85 


22 


2-45 


5 


0-13 


U 


0-98 


23 


268 


6 


0-18 


15 


113 


24 


2-92 


7 


0-26 


16 


1-29 


25 


318 


8 


0-32 


17 


1-46 


26 


3-44 


9 


0-41 


18 


1-63 


27 


3-71 


10 


0-60 


19 


1-82 


28 


400 


11 


0-61 


20 


202 


29 


4-80 


12 


0-72 


21 


2-23 


30 


4-61 



Wlien it is required to plot the section on a large sea 
and to show every undulation of the surface, it is not nece 
sary to remove and re-set the instrument to obtain the heigl 
above datum of every point necessary to be known for tl 
purpose ; but, besides reading the staff at the back and fc 
station, it may be read off from the same place of the instr 
ment, at as many intermediate points as may be deem 
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desirable; and these readings, being entered both as back and 
£Dre readings, will prodooe the same effect as back and fore 
readings of the same points obtained in different positions of 
the instrument. The distances from the instmment of these 
jKHnts shoald be omitted from the second column ; but« the 
distanees between them being entered successively in the first 
column, their respectiye distances £rom the instrument maj at 
anj time be determined, if required. The height of the in- 
strument itself may be entered in this way as an intermediate 
sight ; and, as the same height that is added as a back reading 
is subtracted again as a fore reading, any error in this reading 
▼ill not at all afiOBOtthe leyels afterwards taken, and, provided 
it be not graater than the limit within whioh diibtanoea can be 
laid down and estimated upon the plot, is of no moment. 
Mow, in takinff the aeotion of a line of any oonsiderable extent, 
die eoale is seldom suiBoientljjr large to admit of less than six 
inohea being laid down or estimated upon the plot, and oonse* 
qiMotly an error of two or three inohes in the intermediate 
uf^ta would be immaterial. When observations are made out 
oiti^ line, to be levelled, in order, for instance, to obtain the 
hei^ of this line abote neighbouring rlters, canals, roads, 
fa*, the leadings are to be entered in the same manner as 
for other intermediate sights ; and, the column of bearing and 
distance being left blank, no mistake can be made in drawiug 
the section. The bearing and distance of such points, if 
desirable to be noted, must be entered in the space left for 
remarks. 

For the purpose of reference on any future occasion, in 
order either to check the accuracy of the levels already ob- 
tained, or for the convenience of commencing a new series 
in some other direction, marks should be left upon some con- 
venient fixed points upon which the staff has been held, and 
the reading noted with the greatest possible care. These bench 
marks, as they are called, should ordinarily be left at about 
every half-mile of distance, and may be either on or off the 
line. In the latter case the readings are to be recorded in 
the manner already explained for points out of the line. The 
hooks and tops of gates, copings, sills, or steps of doors, &c., 
are commonly used for bench marks, and the mark must be 
made exactly on the point upon which the staff has been held. 
A stout stake may be driven into the ground for a bench mark, 
and is by many persons preferred to any other. 

When a section of considerable length is to be plotted, the 
horizontal distances cannot be laid do^nv 0Ti%&W^^^f^^^ 
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as is nacesattiy for the vertjcal heights above datum, in ( 
tliat the section may be of any practical use, witfaont mt 
the plot of most unwieldy dimensions. It is therefore i 
Ui make the Tertical scale much lai^er than the horis 
one : thus 4 inches tji a mile for the horizontal dista 
with one inch to 100 feet for the vertical distances, is a i 
combination. In the accompanying figure we have drawi 
portion of a section from the portion of the field book at 
109, making use of a scale of 1 inch to 800 feet for tbs 
zontal distances, and of a scale of 1 inch to SOO feet fb 
vertical distances 




A o is ruled for the datum line ; on it are set off fn 
the horizontal distances at tbe points b, c. d, e, f, g, accoi 
to the horizontal scale of 1 inch for each 800 feet, and thi 
the points A, D, c, D. E, p, and o. are drawn lines a a, B fc 
perpendicular to ag; on these lines are set off the ve: 
distances (o the points a, b, c, Ac, according to the ve: 
scale of 1 inch for each 200 feet ; and the line a jf, pa 
through all the points a, b, c. &o., will represent the reqi 
flection. A line is drawn between the stations e, f, al 
proper distance from the datum line to represent the Ion 
the canal ; and proceeding in this manner, and making 
remarks that maj seem desirable, opposite the correspon 
points of the section, the work will be completed. 

Having row explained the construction and use of the 
accurate instruments for tracing the level of any portic 
country, we proceed to notice the water level, a very simp' 
stiTiment, adapted ta give a rapid delineation of any porti 
country, an object frequently of greater importance tha 
curacy. It can be made by any workman, will coat but i 
shillings, and requires no adjustment when using it. 

" A B is a hollow tube of brass, about half an inch in diam 



WATER LEYEL. 113 

about 3 feet long ; c and d are ebort pieces of brass tube 
ai^er diameter, into whicb tbe long tube is soldered, and 
for the purpose of receiving the two small bottles, e and/, 
ends of which, after the bottoms have been cut off, by 
g a piece of string ronnd tbem when Heated, are fixed in 
f positions by putty or white lead ; tbe projecting short 




r'A. works (in the instrument from which the sketch was 
M|lb&.bollow brass cylinder, h, which forms the top of a 
ipiiud for observing with a repeating cii'clc ; but it may 
We in a variety of ways, so as to revolve on any light 
nle stand. The tube, when required for use, is filled with 
K (Ooloured with lake or indigo), till it nearly reaches to 
Baeks of the bottles, which are then corked for the oon- 
once of carriage. On setting the stand tolerably level by 
eye, these corks are both wilhdraivTi, which must be done 
fully, and when the tube ia nearly leve), or the water 
be ejected with violence ; and the surface of the water in 
bottles, being necessarily on the same level, gives a hori 
al line in whatever direction the tube is turned, by which 
vane of a levelling staff is adjusted." 
he insti-ument, however, with which observations upon 
level of a country may be most 
iditiously mado, and generally with 
ter correctness than with tbe water 
1, is the reflecting level. This in- 
ment consists merely of a piece of 
Doon looking-glass, I I, one inch 
.re, set in a frame fixed against a 
3 of metal weighing about a pound, 

suspended from a ring, r, by a 
ted wire, u>, so that it may swing 
ly, but not turn round on its axis 
ispensioii. A fine silk thread, tt. 
wretched across the center of the 
.vr, and a small opening, o, at one 

of tbo mirror. 
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The instrument is adjusted as follows It is enspendedi 
a frame, constructed to hold it, and bring it soon to rest, i 
about 60 yards in front of a wall. The observer looks in 
the mirror, and brings his eye into such a position that i 
image is bisected by the silk thread, 1 1; and the point ufK 
the wall, seen through the opening, o, which coincides ^ 
the silk thread, is marked upon the wall. The mirror is th( 
turned round, and thd point ii alio marked upon the wall, tl 
reOection of whioh in the mirror now oolnddoi with the si 
thread, whon this thread again bisoots the imago of the o 
server s eyo M Wore. 

Lastly, tho mtddlo potnii between tho two thus found, 
marked upoo the wau; and by tumipg a iorew, s, tl 
center of grafity of tho inttrumont ii altered, till the min 
hangs so as to bring the reflection of this last mark upon t 
thread, when the observer's eye is bisected by it. The i 
strument will now be in perfect adjustment, and, when t 
image of the eye is brought upon the thread, all points 
sected by the tiiread, whether seen by reflection, or direct 
through the opening, o, will be on the same level with t 
eye of the observer. The observations may be made eitl 
by holding the instrument at arm's length, or by suspendi 
it from the branch of a tree, or from any post or rail of a cc 
venient height. Greater accuracy is obtained by suspendi 
it by means of a frame fitting on a three-legged stand,. sc 
as already described as used for supporting the more accun 
instruments ; but it must not be forgotten that this inst 
ment is not to be at all compared with them for minute ac( 
racy ; but that its advantages are the great rapidity with wh; 
it can be used, whether in a very confined space, or in an oj 
country. 

INBTBUMBKTS FOB MEASUBING ANGLES. 

In eyery map end plan the distances and angles laid do 
are not the Rotual distances and angles between the points 
whioh the relative positions are intended to be representi 
but they are the diatances and angles between the projection 
of those pointe upon the same horizontal plane, and are call 
the horijEontal an^lea and distances between the points. Ng 
if our Burveying instruments were constructed to measure t 
actual anglei subtended by different objects, the process 
calculating all the horizontal angles from these observ 
angles would be Teiy laborious ; but, by having such insti 

* ^Tha projection of a point upon a horizontal plane is the point 
wijch a vertical line through that point meets t\ve \ioi\xoTk\Bl ^Veov^ 



Ks will at once determitie b; obserration the horizontal 

we are saved a Taet amount of labour, and also from 
xira which might olhernise creep into the calculaiiona. 
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1 this instrument horizontal angles can be observed 
-eat rapiditj, and, when used with a tripod stand, with 
derable degree of accuracy. It is, conaequentlj, a very 
e instrument to the military surveyor, who can make 
ervations with it, while holding it in his hand, witb all 
curacy necessary for a military sketch. It is also a 
instrument for filling in the detail of an extensive sur- 
ifter the principal points have been laid down by means 
rvations made with the theodolite, hereafter to be de< 
. and for any purpose, in sbort, in which the portability 
instrument and rapidity of execution are of more im- 
:e than extreme accuraoy, 
a compass 




which, being 
I by the 
acts upon 
I, and checks 

ations, 80 as to bring it sooner to rest, when making an 
tion. sis the sight-vane, having a fine Uiread stretched 
3 opening, by which the point to be observed with the 
lent is to be bisected. The sight-vane is mounted upon 
!-joint, BO that it can be turned down flat in the box 
ot in use. p is the prism attached to a plate eliding in 
t, and thus admitting of being raised or lowered at 
e, and also supplied with a hinge-joint, so that it can 
ed doivn into the box when not in use. In the plate 
h the prism is attocbed, and which projects beyond the 

piinnntic compais wu uwd foe tliil pnipoH by the gcntlemtn m- 
pioking (he ordnaDce luricji. 
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prism, is a narrow slit, forming the sight through which! 
vision is directed when making an ohservation. On look! 
through this slit, and raising or lowering the prism in 
socket, distinct vision of the divisions on the compass ci 
immediately under the sight-vane is soon ohtained, and th« 
divisions, seen through the prism, all appear, as each is m 
cessively brought into coincidence with the thread of the si^ 
vane by turning the instrument round, as continuations d t 
thread, which is seen directly through the part of the slit tl 
projects beyond the prism. 

The method of using the instrument is as follows : — ^1 
sight-vane s, and the prism p, being turned up upon tb 
hinge-joints as represented in our figure, hold the instrumeni 
nearly in a horizontal position as you can judge, or, if it be ui 
with a tripod stand, set it as nearly as you can in a horizon 
position by moving the legs of the stand, so that the card o 
play freely. Baise the prism in its socket till the divisii 
upon the card are seen distinctly through the prism, and, tu 
ing the instrument round, until the object to be observed 
seen through the portion of the slit projecting beyond 
prism in exact coincidence with the thread of the sight-va 
bring the card to rest by touching the spring n ; and then 
reading at the division upon the card, which appears in a 
cidence with the prolongation of the thread, gi^es the m 
netic azimuth of the object observed, or the angle whicl 
straight line, drawn from the eye to the object, makes v 
the magnetic meridian*. The magnetic azimuth of a 8ec< 
object being obtained in the same manner, the difference 
tween these two azimuths is the angle subtended by the 
jects at the place of the eye, and, which is an important poini 
independent of any error in the azimuths, arising from the 
in the prism not being diametrically opposite to the threa( 
the sight-vane. 

For the purpose of taking the bearings of objects m 

*^ The magnetic meridian now makes an angle of 24° with the 
meridian, at London, the north point of the compass being 24^ ' 
of the true north point. This angle is called the variation of the < 
pass, and is different at different places, and also at the same place at 
ferent times. Since this variation will affect equally, or nearly so, 
azimuths observed within a limited extent and during a limited time, 
angles subtended by any two of the objects observed, being the differ 
of their azimuths, will not be affected by the variation, and hence the i 
or plan, may be constructed with all the objects in their proper relative ] 
tions ; but the true meridian most be laid down, if required, by observat 
made for the purpose. 
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5r below the level of the observer, a mirror, b, is sup- 
ith the instrament, which slides on and off the sight« 
, -with sufficient friction to remain at any part of the 
liat may be desired. It can be put on with its face 
upwards or downwards, so as to reflect the images of 
considerably either above or below the horizontal plane 
eye of the observer; and, if the instrument be used for 
ng the magnetic azimuth of the siin, it must be sup- 
dth dark glasses, d, to be interposed between the sun's 
Emd the eye. 

re is a stop in the side of the box, not shown in our 
by touching which a little lever is raised and the card 
off its center ; as it always should be when not in use, 
constant playing of the needle would wear the fine 
)oint upon which it is balanced, and the sensibility of 
trument would be thereby impaired. The sight-vane 
sm being turned down, a cover fits on to the box, which 
t three inches in diameter, and one inch deep; and 
3le, being packed in a leather case, may be carried in 
;ket without inconvenience*. 

THE BO^ SEXTANT. 

I instrument, which is equally portable with the prismatic 
iS, forming, when shut up, a box of about three inches in 
er, and an inch and a half deep, will measure the actual 
tetween any two objects to a single minute. It requires 
>port but the hand, is easily adjusted, and, when once 
d, but seldom requires re-adjusting, 
n the sex- ^ 

X) be used, ^ " ' 

E, of the 
taken off 
rewed on 
1 bottom, 
it makes 
nient han- 
• holding 
istrument. 
lescope, T, 
hen drawn 

much valuable information respecting the use of the prismatic com« 
jecially in military surveying and sketching, we can refer our 
to a Treatise on Military Surveying, &c., by Lieutenant-Colonel 
ckson; in which the subject is handled with great ability. 
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out, the instmmeiit appears aa repieaented in our figank 
A is an index aim, haying at its extremity a vemifli^ 
of which 80 divisions coincide with d9 of tiie diviskai 
upon the graduated limh, II; and the divided spaces upa 
the limh denoting each 30 minutes, or half a degree, At 
angles ohserved are read off hj means of the Temier tl 
a single minute. The index is moved hjr turning the millad 
head, b, which acts upon a rack and pinion within the boi. 
To the index arm is attached a mirror, called the indo 
glass, which moves with the index arm, and is firmly fizsl 
upon it hj the maker, so as to have its plane aooontelj 
perpendicular to the plane in which the motion of the index 
arm takes place, and which is called the plane of the in- 
strument. This plane is evidently the same as the plane 
of the face of the instrument, or of the graduated limh, ( k 
In the line of sight of the telescope is placed a second glass, 
called the horizon glass, having only half its surfeuse silvered, 
and which must he so adjusted that its plane may he perpen- 
dicular to the plane of the instrument, and parallel to tbe 
plane of the index glass when the index is at cero. The in- 
strument is provided with two dark glasses* which can be 
raised or lowered hy means of the little levers seen at d, bo 
as to he interposed, when necessary, hetween the mirrors and 
any object too bright to be otherwise conveniently observed, as 
the sun. The eye-end of the telescope is also furnished with 
a dark glass, to be used when necessary. 

The principle upon which the sextant is constructed has 
been proved at page 76 ; viz. that the total deviation of a ray of 
light, after reflection successively at the index glass and hori- 
zon glass, is double the inclination of the two glasses. Now 
the limb, II, being divided into spaces, each of 15' extent, and 
these spaces being figured as 30' each, the reading of the 
limb gives double the angle moved over by the index arm 
from the position in which the reading is zero, or double the 
angle of inclination of the two mirrors, if these mirrors be 
parallel when the reading is zero. If, then, the instrument 
be in perfect adjustment, and any object be viewed by it after 
reflection at both the mirrors, the reading of the instrument 
gives the total deviation of the rays of light, by which the 
vision is produced, or the angle between the bearing of the 
object from the center of the index mirror, and the bearing of 
the reflected image from the place of the eye, that is, hetween 
lines drawn respectively from the object to the center of the 
index glass, and from the reflected image in the horizon glass 



THE BOX SBXTANT. 119 

to the eye. This angle is yery nearly equal to the angle 

tubtended by the object and its image at the place of the eye, 

di£Eering from it only by the small angle subtended at the 

object by the place of the eye and the center of the index glass. 

This small angle is called the parallax of the instrument, and 

is scarcely perceptible at the distance of a quarter of a mile, 

nhile for distances greater than that it is so small that it 

may be considered to vanish. It also varies with the amount 

of deyiation, and vanishes altogether -whenever the center of 

ihe index glass is in a direct line between the object and 

the eye*. 

To see if the instrument be in perfect adjustment, place 
the dark glass before the eye-end of the telescope, and looking at 
the son, and moving the index backwards and forwards a little 
distance on either side of zero, the sun*s reflected image will 
be seen to pass over the diso as seen directly through the 
horizon glass, and if in its passage the reflected image com- 
pletely oovenf the direct image, so that but one perfect orb is 
seen, the horizon glass is perpendicular to the plane of the 
instroment ; but, if not, the screw at a must be turned by the 
key, kt till such is the case. The key, k, fits the square heads 
of both the screws seen at a and 6, and flts into a spare part 
of the face of the instrument, so as to be at hand when wanted. 
This adjustment being perfected, bring the reflected image of 
the 8un*8 lower limb in exact contact with the direct image of 
his upper limb, and note the reading of the vernier; then 
move the index back beyond the zero division of the limb, till 
the reflected image of the sun's upper limb is in exact contact 
with the direct image of his lower limb, and, if the zero of 
the vernier be now exactly as far behind the zero of the limb 
as it was at the former reading in front of it, so that the read- 
ing now on the part of the limb called the arc of excess, be- 
hind its zero division f, be the same as the former reading, 

* We have leen a method given for what is called correcting the parallax, 
when an obaervation is made at a short distance, by finding the deviation 
at thii distance, when the angle between the object and its image is equal to 
Mfo ; this deviation being given by the reading of the instrument, when 
the reflected image of the object observed exactly coincides with the object 
itad^ seen through the unsilvered part of the horizon glass. This deviation, 
however, is not the parallax, even for a small angle between the object and 
its image, and, if the angle bo not very small) the error introduced by the 
method will be greater than the parallax itself. 

+ In reading an angle upon the arc of excess, the division to read on the 
limb is that next in front of the zero of the vernier, or between the zero of 
the vernier and the zero of the limb, and the divisions of the vernier itself 
to be read from the end division, marked 80, and not, as usually, from 
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the instrament is in perfect adjustment ; but/ If not, half the 
difference of the two readings is the amount of the error, ud 
is called the index error, being a constant error, for all an^ 
observed by the instrument, of excess, if the first reading le 
the greatest, and of defect, if the second reading on the ared 
excess be the greatest. 

In the former case, then, the true angle will be found bj 
subtracting the index error from, and in the lattep by adding 
it to, the reading of the instrument at every observation. 

This method of correcting for the index error is to be used 
with the larger instruments, hereafter to be described under 
the head of Astronomical Instruments ; but in the box sex- 
tant this error should be removed by applying the key, k^ to 
the screw at b, and turning it gently till bodi readings are 
alike, each being made equal to half the sum of the two read- 
ings first obtained. When this adjustment is perfected, if 
the zeros of the vernier and limb are made exactly to ooin- 
cide, the reflected and direct image of the sifli will exacdj 
coincide, so as to form but one perfect orb, and the reflected 
and direct image of any line, sufficiently distant not to be 
affected by parallax, as the distant horizon, or the top or 
end of a wall more than half a mile off, will coincide so as to 
form one unbroken line. 

To obtain the angle subtended by two objects situated 
nearly or quite in the same vertical plane, hold the instra- 
ment in the right hand, and bring down the reflected image 
of the upper object by turning the milled head b, till it ex- 
actly coincides with the direct image of the lower object, and 
the reading of the instrument will give the angle between the 
two objects. 

To obtain the angle subtended by two objects nearly in the 
same horizontal plane, hold the sextant in the left hajid, and 
bring the reflected image of the right-hand object into coin- 
cidence with the direct image of the left-hand object. 

It will be seldom that the surveyor need pay any attention 
to the small error arising from parallax; but, should great 
accuracy be desirable, and one of the objects be distant while 
the other is near, the parallax will be eliminated by observ- 
ing the distant object by reflection, and the near one by 

the zero diviaion : thus, if the zero division of the yemier were a little 
further from the zero division of the limb, then the first division on the 
arc of excess ; and if the twenty-seventh division on the vernier, or the third 
from the end division, marked 30, coincided with a division upon the limb, 
then the reading would be 33'. 
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. Tision, holding tbe iuBtniment for this puipoae iridi its 
lon-nwards if the distant object be on the left hand. If 
objects be near, the reflected image of a distant object, in 
it line with one of the ol^ects, must be brought into coin- 
K mth the direct image of the other object, and the 
ax will thus be eliminated. 

: the purposes of aurrejing, the horizontal angles between 
;nt objects are required, and the reduction of theae angles 
the acttial oblique angles subtended bj the objects, 
bo a troublesome and laboriouB procesa. If the angle 
ided by two objects be large, and one be sot much 
r than the other, the actual angle observed will be, how- 
a sufScient approximation to the horizontal angle le- 
I ; and, if the angle between the two objects be small, 
irizontal angle win be obtained with sufficient accuracy 
ing the difference of the angles observed between each of 
jects, and a third object at a considerable angular dis- 
from them. With a little practice the eye will be able 
xt an object in the same direction as one of the objects, 
^arly on a level vrith the other object, and the an^e be- 
this object and the object selected will be the faonzontal 
required. 

jea the altitude of an object may be determined by ob- 
g the angle subtended by it and the verge of the horizon ; 
wn land a contrivance, called on artificial korUon, be- 
necessary for correctly determining altitudes. The best 
f artificial horizon 
ts of an oblong 
, t t, filled with 
ry, and protected 
he wind by a roof, 
ping in either slope 
J of glass with its 
rfaces ground into 
Lly parallel planes, 
igle s £ s' between 
>iect and its re- 
image seen in the 
ry is double the 
of elevation s b h, 
the angle s e s' 
observed, its half 
nsequently be the 
of elevation re- 
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quired. If the angle of eleyation be greater than 60^ tb 
angle s b e' will be greater tban 120^ and cannot be obserrM 
with the sextant we have been describing. 

The pocket sextant is a most convenient instrument h 
laying off offsets or perpendicular distances from a statioi 
line; for by setting the index at 00^, and walking along tin 
station line, looking through the horizon glass directly.at tiu 
further station staff, or any other remarkable olject upon tfai 
station line, any object off the station line will be seen by re* 
flection when the observer arrives at the point where the per 
pendicular from this object upon the station line falls, axu 
the distance from this point to the object being measured, ii 
its perpendicular distance from the station line. 

For the mere purpose of measuring offsets an instrumen 
called an optical square is now very generally employed, whid 
consists of the two glasses of the sextant fixed permanently 
at an angle of 45*^, so that any two objects seen in it, the cm 
by direct vision, and the other by reflection, subtend at tb 
place of the observer an angle of 90°. 

THS THEODOLITE. 

The theodolite is the most important instrument used b; 
surveyors, and measures at the same time both the horizonta 
angles subtended by each two of the points observed with i1 
and the angles of elevation of these points from the point c 
observation. 

This instrument may be considered as consisting of thre 
parts ; the parallel plates with a4i^^^^^9 screws fitting on t 
the staff head, of exactly the same construction as alread 
described for supporting the Y, and other, levels ; the horizoi 
tal limb, for measuring the horizontal angles ; and the vei 
tical limb» for meaBuring the yertical angles, or angles < 
elevation. 

The horizontal limb is composed of two circular plates, 
and y, which fit accurately one upon the other: The low( 
plate projects beyond the other, and its projecting edge : 
sloped 0% or chamfered, as it is called, and graduated i 
every half degree. The upper plate is called the vemi< 
plate, and has portions of its edge chamfered off, so as t 
torm with the onamfered edge of the lower plate continue 
portions of the same ooniotl tm&ce. These chamfered poi 
tions of the upper plate are araduated to form the vernier 
by which the limb is sabdividea to single minutes. The fiv 
inch theodolite represented in our figure has two such vei 
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jotm, 160° apart. The lower plate of the faorizoiital limb is 
attached to a conical axis passing through the upper parallel 

filate, and terminating in a ball fitting in a socket npon the 
ower parallel plat«, exactly as the vertical axis of the Y level 
already described. This axis is, however, hollowed to receive 
a aimUar conical axis ground accurately to fit it, bo that the 
axes of the two cones may be exactly coincident, or parallel'i'. 



124 MATHEMATIOAL INSTBUMEKT8. 

To the internal axis the upper, or vernier, plate of the hori- 
zontal limb is attached, and thus, while the whole limb can 
be moved through any horizontal angle desired, the upper 
plate only can also be moved through any desired angle, when 
the lower plate is fixed by means of the clamping screw, c, 
which tightens the collar, d. t is a slow-motion screw, which 
moves the whole limb through a small space, to adjust it more 
perfectly, after tightening the collar, d, by the clamping screw, 
0. There is also a clamping screw, c, for fixing the upper, 
or vernier, plate to the lower plate, and a tangent screw, t, 
for giving the vernier plate a slow motion upon the lower 
plate, when so clamped. Two spirit levels, b, b, are placed 
upon the horizontal limb, at right angles to each other, and a 
compass, g, is also placed upon it in the center, between the 
supports, F, F, for the verticid limb. 

The vertical limb, n n, is divided upon one side at every 
80 minutes, each way from 0° to 90°, and subdivided by the 
vernier, which is fixed to the compass box, to single minutes. 
Upon the other side are marked the number of links to be 
deducted from each chain, for various angles of inclination, 
in order to reduce the distances, as measured along ground 
rising or falling at these angles, to the corresponding hori- 
zontal distances. The axis, a, of this limb must rest, in a 
position truly parallel to the horizontal limb, upon the sup- 
ports, F F, so as to be horizontal when the horizontal limb is 
set truly level, and the plane of the limb, n n, should be 
accurately perpendicular to its axis. To the top of the ver- 
tical limb, N N, is attached a bar which carries two Ys for 
supporting the telescope, which is of the same construction 
as that before described for the Y spirit level, and under- 
neath the telescope is a spirit level, s s, attached to it at one 
end by a joint, and at the other end by a capstan-headed 
screw as in the Y level. The horizontal axis, a, can be fixed 
by a clamping screw, c, and the vertical limb can then be 
moved through a small space by a slow-motion screw, t. 

Before commencing observations v^ith this instrument, the 
following adjustments must be attended to : — 

1. Adjastments of the telescope : viz., 

the adjustment for parallax. 
\ — for collimation. 

2. Adjustment of the horizontal limb : viz., 

to set the levels on the horizontal limb to indicate the verticality of 
the azimuthal axis. 

describe presently the adjustments of the instrument, we shall explain the 
method of detecting an inaccuracy in the grinding of the axes. 
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8. Adjustmeiit of the yertical limb : viz.^ 

to set the level beneath the telescope to indicate the horizontality of 
the line of collimation. 

1. ParaUax and Collimation. — These adjustments have 
already been described (p. 100) under the head of the Y level. 

2. Adjustment of the Horizontal Limb. — Set the instrument 
up as accurately as you can by the eye, by moving the legs of 
the stand. Tighten the collar, d, by the clamping screw, o, 
and, unclamping the vernier plate, turn it round till the tele- 
scope is over two of the parallel plate-screws. Bring the 
babble, 6, of the level, s s, beneath the telescope to the center 
of its ran by turning the tangent screw, i. Turn the vernier 
plate half round, bringing the telescope again over the same 
pair of the parallel plate screws ; and, if the bubble of the 
level be not still in the center of its run, bring it back to the 
center, half way by turning the parallel plate screws over 
wbidi it is placed, and half way by turning the tangent screw, 
t. Repeat this operation till the bubble remains accurately 
in the center of its run in both positions of the telescope ; 
and, then turning the vernier plate round till the telescope is 
over the other pair of parallel plate screws, bring the bubble 
again to the center of its run by turning these screws. The 
bubble will now retain its position while the vernier plate is 
tamed completely round, showing that the internal azimuthal 
axis about which it turns is truly vertical. The bubbles of 
the levels on the vernier plate, being now, therefore, brought 
to the centers of their tubes, will be adjusted to show the 
verdcality of the internal azimuthal axis. Now, having 
damped the vernier plate, loosen the collar, d, by turning 
back the screw, c, and move the whole instrument slowly 
round upon the external azimuthal axis, and if the bubble of 
the level s s, beneath the telescope, maintains its position 
daring a complete revolution, the external azimuthal axis is 
tmly parallel with the internal, and both are vertical at the 
same time ; but, if the bubble does not maintain its position, it 
shows that the two parts of the axis have been inaccurately 
ground, and the fault can only be remedied by the instrument- 
maker. 

8. Adjustment of the Vertical lAmb, — The bubble of the 
level, 8 s, being in the center of its run, reverse the telescope 
end for end in the Ys, and, if the bubble does not remain in 
ihe same position, correct for one-half the error by the capstan- 
headed adjusting screw at one end of the level, and for the 
other half by the vertical tangent screw, i. Repeat the opera- 
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tion till the result is perfectlj satis&ctory. Next tarn the '| 
telescope round a little both to the right and to the left, and, 
if the bubble does not still remain in the center of its ran, 
the level, s s, must be adjusted laterally by means of the 
fecrew at its other end. This adjustment will probably dis- 
torb the first, and the whole operation must then be carefully 
repeated. By means of the small screw fastening the yemier 
of the vertical limb to the vernier plate over the compass 
box, the zero of this vernier may now be set to the zero of 
the limb, and the vertical limb will be in perfect adjustment 

With an increase in the size of the theodolite a second 
telescope is placed beneath the horizontal limb, which series 
to detect any accidental derangement of the instrument dar- 
ing an observation, by noting whether it is directed to the 
same point of a distant object at the end of the observation 
to which it has been set at the commencement of the observa- 
tion. Also the vertical limb, in the larger theodolites, admits 
of an adjustment to make it move accurately in a vertical 
plane, when the horizontal limb has been first set in perfect 
adjustment. This adjustment is important, and should be 
examined with great care ; and in the small theodolites, when 
the vertical limb is permanently fixed to the horizontal limb 
by the maker, an instrument which will not bear the test of 
the examination which we proceed to describe must be con- 
demned, till set in better adjustment by the maker. The 
azimuthal axis having been set truly vertical, direct the tele- 
scope to some well-defined angle of a building, and making 
the intersection of the vdres exactly coincide with this angle 
near the ground, elevate the telescope by giving motion to 
the vertical limb, and, if the adjustment be perfect, the inter- 
section of the cross wires will move accurately along the angle 
of the building, still continuing in coincidence vnth it. A 
still more perfect test will be to make the intersection of the 
cross wires coincide with the reflected image of a star in an 
artificial horizon, and elevating the telescope, if the ac^ust- 
ment be perfect, the direct image of the star itself will again 
be bisected by the cross wires. 

In the conduct of an extensive survey, the two principal 
desiderata are accuracy and despatch, neither of which should 
be unduly sacrificed to the other. To obtain both these ends, 
the principal points of the survey should be determined by a 
system of triangles proceeding from an accurately-measured 
base of considerable length. The angles of these triangles 
should be observed with a large and perfect theodolite con- 
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■tmeted for the pnrpOBe, or with an altitude and azimuth in- 
Btmmeiit; and numerous corrections should be applied for 
the spherical form of the earth, the refraction of the atmo« 
sphere, the errors due to the imperfect graduation of the in- 
atrument, Sui» 

The boundaries of the entire country to be surveyed being 
thus determined vnth the greatest possible accuracy, and a 
series of stations laid down throughout, the spaces included 
between these stations may be subdivided into spaces of 
smaller extent, the boundaries of which may be surveyed with 
considerable despatch by means of the chain, and a portable 
theodolite, such as we have been describing above, and lastly, 
the details of the country within these spaces may be sketched 
with still greater rapidity by means of the prismatic compass. 

The boundaries of the spaces to be surveyed by the chain 
and small theodolite should not exceed three or four miles in 
extent, and the following is the manner of proceeding. 

Let o, b, c, df e, /, represent the boundary to be surveyed, 
and let a, b, and c, be three stations which have been accu- 
rately laid down by the previous triangulation, of which both 
B and c can be seen from a, and a can be seen from c. First 
measure with the chain the lengths of the several lines a b, 
b c, c d, &c., taking offsets to all remarkable points on either 
side of these lines in the usual manner, and driving pickets at 
a, b, c, &c. Measure also the distance from a to a, and from 
d to c. These measurements having been made, set up the 
theodolite at a, level it, and clamp the vernier plate to the 
lower plate of the horizontal limb at zero, or so that the read- 
ings of the two verniers may be 360° and 180" respectively, this 
adjustment being perfected by the slow-motion screw, t. Next 
move the whole instrument round upon the azimuthal axis, 
till the object b is accurately bisected by the cross wires, 
clamp it firmly in this position by the screw c, tightening the 
collar D, and enter in die field book the reading of the com- 
pass. Now release the vernier plate, and turning it round, 
bisect the object o, by the cross wires, and enter the readings 
of both verniers in the field book. Observing, in like manner, 
the bearings of any other remarkable objects, and, entering 
the readiugs in the same way, direct the telescope lastly to a, 
at which station an assistant must be placed, with a staff held 
upon the picket there driven into the ground, and, entering the 
reading of the vernier as before, clamp the vernier plate care- 
fully, and remove the instrument to a. Level the instrument 
at a, unolamp the collar d, and* turning round the whole in« 
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strument upon the azimuthal axis, direct tbe telescope to tlia 
last station a, tighten the collar d, and perfect the adjustment, 
if necessary, by the slow-motion screw t. Now release ths 
yemier plate, and, bringing it back to zero, if the reading of 
the compass be the same as the reading previously entered m 
the field book, we assume our work, as far as it has gone, to 
be correct ; but, if not, we must go back to A, and go over the 
work again*. Next release the vernier plate, and enter the 
readings, when the telescope is directed to the several remark- 
able points visible from a, and lastly direct the telescope to 
the next forward ^, 
station b, as be- 
fore. In the 
same manner 
proceed from b 
to c, c to rf, and 
d! to c ; and, hav- 
ing directed the 
telescope at c to 
the last back sta- 
tion df and re- 
leased the ver- 
nier plate, direct 
the telescope to 
a; and, if all the 
angles have been 
correctly mea- 
sured up to this ^ 
time, the reading of the vernier will now be the same ad 
when the telescope was directed to c from the point a> 
If then we have not been able to make all the compass 
readings agree at the previous stations, after going twice over 
the work at such stations we may now consider that our work 
was correct, and that the error in the compass reading arose 
from some local attraction, or extraordinary variation of the 
needle. This verification of the work at c is called closing the 
work. We now come back again to d, and proceed from d to e^ 
and so on, as before, till we come to some other station, which 
has been observed either from a or c, and which we again close 
upon, and at last arriving at /, if the readings agree within a 
minute or two with the readings for /, previously observed at 

* If the same result is again arrived at, we may presume that the com- 
pass is acted on by some load attraction, and proceed with the work ; and 
the accuracy of this presumption will be further tested as w« go on. 
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a, the whole work may be considered to have been performed 
-with a sufficient degree of accuracy ; but, if the error amount 
to more tban a minute or two, we must proceed back again 
from/ to «, and so on till we find out the station at which the 
error has occurred. If the ground along any of the lines a b, 
b c, &c., rise or fall, suppose, for instance, along b c, then wo 
most direct the telescope from &, so as to make Uie cross wires 
bisect upon the staff, held upon the picket at c, a point at the 
same distance from the ground as the center of the telescope, 
and then upon one side of the vertical limb is pointed out the 
number of links to be deducted for each chain from the mea- 
sured distance b c, to reduce it to the required horizontal dis- 
tance. This reduction is then to be entered in the field book*. 

INSTRUMENTS FOR PLOTTING THE SURVEY. 

In plotting the survey, as in taking it, due regard must be 
had to both accuracy and despatch, and we should aim to lay 
down the various points observed with an accuracy propor- 
tionate to the accuracy of the survey itself. To this end the 
principal points should be laid down by setting off with the 
beam compasses the computed sides of the triangles, the 
angles of which have been accurately observed with the large 
theodolite; and the direction of the meridian is to be laid 
down from an observation of the angle which it makes, with a 
side of one of these triangles, by means of the computed 
chords t, which chord is also to be set off with the beam com- 
passes. 

THE CIRCULAR PROTRACTOR. 

The principal points having thus been laid down, the bound- 
aries observed by the small theodolite may be put in by first 
laying down upon the paper a large circular protractor. This 
protractor may be pricked off by means of the circular metallic 
protractor represented in the accompanying figure, and the 
lines can then be transferred to any part of the paper by 
means of a large ruler and triangle, or by any parallel ruler. 
The circular protractor is a complete circle, a a, connected 
with its center by four radii, a aaa. The center is left open, 
and surrounded by a concentric ring, or collar, 6, which carries 

* The method of surveying with the chain and theodolite, explained 
aboTe, 18 called surveying by a traverse. 

i* If a table of chords be not at hand, take out the sine of half the angle 
fiom a table of natural sines, and, reckoning the first figure aa integral, this 
irill be the chord of the whole angle to radius 5, or, redraQuig the first two 
^vrea integral| it will be the chord to radius 50. 
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two radial bars, e e. To the extremity of one bar is a pioioii, 
df working in a toothed rack qaite round the outer circumfer* 
ence of the protractor. To the opposite extremity of the 
other bar, c, is fixed a vernier, which subdivides the primarjf 
divisions on the protractor to single minutes, and by estima- 
tion to 30 seconds. This vernier, as may readily be unde^ 
stood from the engraving, is carried round the protractor bjr 
turning the pinion d. Upon each radial bar, oOj hi placed a 
branch s e, carying at its extremity a fine steel pricker, wbOM 
point is kept above the surface of the paper by a spring plaoed 




under its support, which gives way when the branch is pressed 
downwards, and allows the point to make the necessary punc- 
ture in the paper. The branches e e are attached to the bars 
c Cy with a joint which admits of their being folded backwards 
over the instrument when not in use, and for packing in its 
case. The center of the instrument is represented by the in- 
tersection of two lines drawn at right angles to each other on 
a piece of plate glass, which enables the person using it to 
place it so that the center, or intersection of the cross lines, 
may coincide with any given point on the plan. If the instru- 
ment is in correct order, a line connecting the fine pricking 
points with each other would pass through the center of the in- 
strument, as denoted by the before-mentioned intersection of 
the cross-lines upon the glass, which, it may be observed, are 
drawn 80 nearly level with the under surface of the instrument 
as to do away with any serious amount of parallax, when set- 
ting the instrument over a point from which any angular lines 
are intended to be drawn. In using this instrument the ver 
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nisr ^uld firat be Mt to zero (or the divisioQ marked S60) 
on the divided limb, and then placed on the paper, bo that the 
two fine steel pointa may be on the given line (from whence 
otlier and angular lines ore to be drawn), and the center of the 
inatrument ooindde with the given angular point on anch lias. 
This done, preas the protnwtor gently down, which will fii it 
in position b^ means of Teiyflne points on the under aide. 
It IB now ready to lay off the given angle, or any number of 
angles that may be required, whioh is done by turning the 
^nion d till the oppoaitA Tamier reads the required angle. 
l%en press downwards the branches e e, which vnll canae the 
points to make ptmcturea in the paper at opposite sidea of the 
circle; which being afterwards connected, tbe line will paas 
tbrongb the given angular point, if the inatrament was first 
eorreotly set. In this manner, at one setting of the instru- 
ment, a great number of angles, or a complete circular protrac- 
tor, may be laid off from the aame point. 

THS T StJOABE AND SEMTCIBCnLia PROTRACTOa. 

We cannot speak too highly of a method by which a tra- 
verse can be most expeditiously aa well aa accurately plotted. 



^ 



^ 




__, B of the T square and aemiciroular pi-otractor, the 

manner of using whioh is thus described by Mr. Hewlett, 
cMef draughtsman, Boyal Ordnance Office, in vol. i. of Papers 
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on Subjects connected mth the Duties of the Boyal Eb 
gineers : — 

" As, when away from home, it seldom 1iapp«ns tliat the snrrejor ara 
obtain a good drawing board, or even a table with a good straigbt edge, I 
fix a flat raler^ A, to the table B b b, b j means of a pair of clamps, o b, and 
against this ruler I work the pattern square B, one side of which has tk 
stock flush with the blade; or, if a straight-edged board be at hand, theu ih« 
square may be turned oyer, and used against that edge instead of the nder A. 
Here, then, is the most perfect kind of parallel ruler that art can prodan^ 
capable of carrying the protractor over the whole of a sheet of plotting pap« 
of any size, and may be used upon a table of any form. It is conTeaieBt ta 
suppose the north on the left hand, and the upper edge of the blado to refie- 
sent the meridian of the station. 

" This protractor is held in the hand while the yemier is set, which is an 
immense comfort to the sight ; and it will be seen that, as both sides of the 
arm are parallel with the zero and center, the angle may be drawn <m the 
paper against either side, as the light or other circumstances may render 
desirable." 

From this description and a mere glance at the engraviog^it 
is clear that angles taken with the theodolite can be transferred 
to the plot as accurately as the protractor can be set, namely, 
to a single minute, and that, too, in a rapid and pleasant 
manner. 

Another most admirable and expeditious method of plotting, 
especially useful when it is a principal point to obtain the 
area of an estate or parish, &c., is to procure or form a table 
of northings, southings, eastings, and westings *, for all 
angles made with a meridian line, and for all distances 
from 1 to 100. These distances may bo either links, feet, 
chains, or estimated in any denomination whatever, and 
the corresponding northings, southings, eastings, and west- 
ings will be in the same denomination. This table is in fact 
nothing more than the products of the sines and cosines 
of the angles, made with the meridian line, multiplied 
by the several distances, and the following is the method 
of using it. Take out from this table the northings, south* 
ings, eastings, and westings made on each of the lines of the 
survey, the line from which the angles have been measured 
being for this purpose assumed as the meridian, no matter 
in what direction it may lie, and place them in a table, which 
we may call a traverse table, in four separate columns, being 
the third, fourth, fifth, and sixth columns of the tablet, headed 

* This table is the same as the table given in books on navigation, and 
then called a table of latitude and departure. 

t The first and second columns of the traverse table contain the conites 
and distanceji. 
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S., E., and W. respectively. Add up these seyeral 
uns, and, if the work is so flsur correct, the sum of the 
bings will equal the sum of the southings, and the sum 
le eastings will equal the sum of the westings. Then 
vo additional columns enter the whole quantities of north- 
md easting, made at the termination of each of the seve- 
>ounding lines of the survey; which quantities will be 
rmined by putting zero for the greatest southing, and 
ig or subtracting the northing or southing made on each 
cular Hue to or from the whole quantity of northing made 
16 beginning of this line, or at the termination of the 
3ding line ; and again, by putting zero for the greatest 
ing, and adding or subtracting the easting or westing 
3 on each line to or from the whole quantity of easting 
6 beginning of the line. 

lis preparatory table having been formed, the plot may be 
down with great ease and accuracy by means of a plotting 
, formed of two ivory graduated rules, one of which, n n, 
jsents the assumed meridian along which the northings 

are to be measured, 
and the other, e e^ re- 
presents the east and 
west line, and serves 
to set off the east- 
ings. The rule, n n, 
is perforated through- 
out nearly its whole 
length with a dove- 
tail groove, receiving 
an accurately fitted 
sliding piece, to which 
the rule, e e, is fixed 
le screw «, so as to slide along, and always have its edges 
^bt angles to the edges of the rule nn. The rule, niij is 
placed on the paper with its zero division opposite that 
, of the line assumed as a meridian, at which the plotting 
be commenced, and with its edges parallel to this line, 
It such distance from it, that the zero division on the rule, 
lay be upon the assumed meridian. The rule, n n, is then 
fixed by placing weights upon its extremities, or by clamps, 
scale, e e, being now slid along till either of its edges coin- 
with the divisions upon the scale, n n, answering to the 
3 quantities of northing at the termination of each line of 
urvey, the divisions upon the scale, s e, answering to the 
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THE STATION POINTER. IQ$ 

wbole quantities of easting, will give the terminations of these 
lines, which, being pricked off, have only afterwards to be 
joined, and the plot will be completed. 

To compute the Area of the Plot. — Rule six additional columns. 
In the first of these, or ninth column of the traverse table, 
Bet the sums of the total northings, and in the tenth, the sums 
of the total eastings at the beginning and end of each line in 
the survey, which sums will be found by adding together each 
pair of succeeding numbers in the two preceding columns. 
In the eleventh column set the products of the eastings made 
on the respective lines of the survey, found in the fifth column, 
multiplied by the corresponding sums of the total northings 
in the ninth column ; and in the twelfth column set the pro- 
ducts of the westings found in the sixth column, and the cor- 
responding sums of the total northings in the ninth column. 
Sum up the eleventh and twelfth columns, and the difference of 
the totals thus found will be twice the area of the plot. Again 
in the thirteenth and fourteenth columns set the products of 
the northings and southings in the third and fourth columns, 
multiplied by the corresponding sums of the total eastings in 
the tenth column, and the difference of the sums of the thir- 
teenth and fourteenth columns will again be twice the area of 
the plot, and, if agreeing nearly with the double area before 
found, shows the calculations to have been correctly performed. 
(We give an example in the opposite page.) 

The near agreement of the sums of the third and fourth, and 
of the fifth and sixth columns is a test of the accuracy of the 
survey ; in columns 7 and 8 we have the distances to be set off 
by the plotting scale ; in column 9 we have the multipliers by 
which the east and west products in columns 11 and 12 are 
found ; and in column 10 we have the multipliers for finding 
the north and south products in columns 13 and 14. The 
difference of the sums of the eleventh and twelfth columns 
gives double the area, the difference of the sums of the 
thirteenth and fourteenth gives again double the area, and, 
taking the mean of these results, by adding them together 
and dividing by 4, we obtain the area most probably to within 
a quarter of a perch, since the two double areas differ by less 
than a perch. 

THE STATION POINTER. 

When the principal features of a country have been laid 
down by the methods already pointed out, the details may be 
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put in with great rapidity by means of the instrument vMch I ^^ 
we are now about to describe. 1 ^ 

A A, B B, c c, are three arms moveable about a common i ^ 
center, o, and carrying three fine wires stretched quite tight, 
the prolongation of which would pass exactly through tk 
center, o. The arms, b b, and c c, carry each a graduated 
arc, b b, and c c ; and the arm A a carries two verniers, a, a', 
adapted to the graduated arcs, h b, and c c, respectively 




The angles l o m, and l o n, subtended, at one of the 
points which we wish to put in, by l, m, and n, three of the 
principal points of the survey already laid down, having been 
observed by means of the prismatic compass, or pocket sex- 
tant, the arms of the station pointer are opened out till the 
verniers point out these angles upon the graduated limbs, b bf 
and c c, respectively. The station pointer being then placed 
upon the paper, and moved about till the fine wires pass ex- 
actly over the stations l, m, n, as marked already upon the 
plot, the center will be exactly over the point to be filled 
in, and its place is to be marked by passing a pricking point 
through a small opening, which is made at the center to 
serve this purpose. 



PART IV.—ON ASTRONOMICAL INSTRUMENTS. 

The space which we have occupied with the former parts 
of this work will compel us to be more brief than we had con- 
templated in the description of the Astronomical Instruments. 
We shall, therefore, confine our attention more particularly to 
Hadley's Sextant ; 
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IVoo^ton's Beflecting Circle ; 

The Transit Instraiiient ; 

The Gollimfttor ; 

Aldtade and Azimuth Instnnneuts ; 
^th some brief remarks upon other iuBtramentB, used for 
Mtnraomical purposes. 

eadlet's sextant. 

This instrument differs from the pocket sextant, alreadr de- 
scribed, ill its appearance, from the absence of the box in which 
the pocket sextant is fixed, in its size, varying usoally from 4 
iochea to 6 inches radius, and in its requiring and admitting 
of more perfect and minute adjustment. 

I.I. is the graduated limb of tho instrument, graduated 
from 0° to 140° at every 10' or 20', according to the size of 
the instrumetit, and .subdivided by the vwnier, v, to 10" or 
20", thus enabling ^ 

OS to read off an- 
gles b; estimation, 
to S". The limb 
is also graduated 
through a small 
space, called the 
arc of excess, on 
the other side of 
the zero point 
I is the tangent 
■crew for giving 
a alow motion to 
the index bar, 
ifter it has been 
damped by & 
Knvr at the back 
of tlie instrument, 
not shown in the 
figure. K is a 
microscope, attached to the index bar by an arm movoe;ble 
round the center, N, so as to commanil a view of the vernier 
throughout its entire lei^th. 

I is the index glass, or first reflector, attached to and moving 
with the index her ; and h is the horizon glass, hariug its lower 
half silvered to form the second reflector, and its upper half 
tmuparent. Four dark glasses are placed at c, any one or 
Bwre of which can be turned down between the index glass 
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and horizon glass to moderate the intensity of the light fh>m 
any very bright object viewed by reflection ; and at a are three 
dark glasses, any one or more of which can be turned up to 
moderate the intensity of the Hght from any bright object, 
viewed directly through the transparent part of the hori»ni 
glass. D is a ring for carrying the telescope, attached to a atom 
8, called the up and down piece, which can be raised or 
lowered by means of a milled-headed screw. The use of this 
up and down piece is to raise or lower the telescope, till the 
objects seen directly and by reflection appear of the same 
brightness, k is the handle by which the instrument is held. 

In selecting an instrument care must be taken that all the 
joints of the frame are close, without the least opening or 
looseness, and that all the screws act well, and remain steady, 
while the instrument is shaken by being carried from place 
to place. All the divisions on the limb and vernier, when 
viewed through the microscope, must appear exceedingly fine 
and distinct, and the inlaid plates, upon which the divisions 
are marked, must be perfectly level with the surface of the 
instrument. The index, or zero, of the vernier, should also 
be brought into exact coincidence successively with each 
division of the limb, till the last division upon the vernier 
reaches the last division upon the limb ; and, if the last 
division of the vernier do not in each case also exactly coin* 
cide with a division upon the limb, the instrument is badly 
graduated, and must be rejected. All the glass used in the 
instrument should be of the best quality, and the glasses of the 
reflectors should each have their faces ground and polished 
perfectly parallel to each other, to avoid refraction. Look, 
therefore, into each reflector, separately, in a very oblique 
direction, and observe the image of some distant object ; and 
if the image appears clear and distinct in every part of the 
reflector, the glass is of good quality ; but if the image ap- 
pears notched, or drawn with small lines, the glass is veiny, 
and must be rejected. Again, if the image appears singly, 
and well defined about the edges, the two surfaces of the glass 
are truly parallel ; but if the edge of the image appears misty, 
or separated like two images, the two surfaces are inclined to 
one another. The examination will be more perfect, if the 
image be examined with a small telescope. 

A plain tube and two telescopes, one showing objects in- 
verted, and the other erect, are usually supplied with the 
sextant. The manner of testing the telescopes has already 
been explained in the part of the work devoted to optical in* 
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ftraments. A dark glass is also supplied to fit on to tlie eye- 
end of the telescope, and a kej for taming the adjusting 
screws. 

To ewamine the Error arising from the Imperfection of the 
Dark Glasses. — Fit the dark glass to the eje-end of the tele- 
scope, and, all the shades heing remoyed, hring the reflected 
image of the sun into contact with his image seen directly 
through the unsilvered part of the horizon glass. Then re- 
move the dark glass from the eye-end of the telescope, and, 
setting up first each shade separately, and then their various 
combinations, if the two images do not in any case remain 
in contact, the angle through which the index must be moved 
to restore the contact, is the error of the dark glass, or com- 
bination of dark glasses, used in the observation, and which 
error should be recorded for each glass and each oombination 
of the glasses. 

The adjustments of the instrument consist in setting the 
horizon glass perpendicular to the plane of the instrument, 
and in setting the line of collimation of the telescope parallel 
to the plane of the instrument. 

To adjust the Horizon Glass. — ^While looking steadily at 
aay convenient object, sweep the index slowly along the limb, 
and, if the reflected image do not pass exactly over the direct 
image, but one projects laterally beyond the other, then the 
reflectors are not both perpendicular to the face of the limb. 
Now the index glass is fixed in its place by the maker, and 
generally remains perpendicular to the plane of the instru- 
ment, and, if it be correctly so, the horizon glass is adjusted by 
taming a small screw at the bottom of the frame in which it is 
set, till the reflected image passes exactly over the direct image. 

To examine if the Index Glass be perpendicular to the Plane 
of the Instrument, — Bhng the vernier to indicate about 45°, 
and look obliquely into ^s mirror, so as to view the sharp 
edge of the limb of the instrument by direct vision to the right 
band, and by reflection to the left. If, then, the edge and its 
image appear as one continued arc of a circle, the index 
glass is correctly perpendicular to the plane of the instrument; 
but if the arc appears broken, the instrument must be sent to 
the maker to have the index glass adjusted. 

To adjust the Line of Collimation. — I. FLx the telescope in 
its place and turn the eye- tube round, that the wires in the 
focus of the eye-glass may be parallel to the plane of the in- 
strument. 2. Move the index till two objects, as the sun and 
moon, or the moon and a star, more than 00° distant from 
each other, are brought into coniaAt at VVi^ ^^^ ^i "^^ ^^^aw« 
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phrBgm, which is nearest the plane of the instmment. 3. N<m 
nx the index, and altering slightly the position. of the instnib- 
ment, bring the objects to appear on the other wire ; and, if 
the contact still remain perfect, the line of collimation is in 
correct adjustment. If, however, the two objects appear to 
separate at the wire that is further from the plane of the in- 
strument, the object-end of the telescope inclines towards the 
plane of the instrument ; but, if they overlap, then the object- 
end of the telescope declines from the plane of the instra- 
ment. In either case the correct adjustment is to he obtained 
by means of the two screws, which fasten to the up and down 
piece the collar holding the telescope, tightening one screw 
and turning back the other, till, after a few trials, the contact 
remains perfect at both wires. 

The instrument having been found by the preceding me- 
thods to be in perfect adjustment, set the index to zero, and 
if the direct and reflected images of any object do not perfectly 
coincide, the arc, through which the index has to be moved to 
bring them into perfect coincidence, constitutes what is called 
the index error, which must be applied to all observed angles 
as a constant correction. 

To determine the Index Error. — The most approved method 
is to measure the sun^s diameter, both on the arc of the instru- 
ment, properly so called, to the left of the zero of the limb, and 
on the arc of excess to the right of the zero of the limb. For 
this purpose, firstly, clamp the index at about ^(Y to the left 
of zero, and, looking at the sun, bring the reflected image of 
his upper limb into contact with the direct image of his lower 
limb, by turning the tangent screw, and set down the minutes 
and seconds denoted by the vernier; secondly, clamp the 
index at about 30' to the right of zero, on the arc of excess, 
and, looking a^ the sun, bring the reflected image of his lower 
limb into contact with the direct image of his upper limb, by 
turning the tangent screw, and set down the minutes and 
seconds denoted by the vernier underneath the reading before 
set down. Then half the sum of these two readings will be 
the correct diameter of the sun, and half their difference vnU 
be the index error. When the reading on the arc of excess 
is the greater of the two, the index error, thus found, must be 
added to all the readings of the instrument ; and when the 
reading on the arc of excess is the less, the index error must 
be subtracted in all cases. To obtain the index error with 
the greatest accuracy, it is best to repeat the above operation 
several times, obtaining several readings on the arc of the 
instrument, and the same number on the arc of excess ; and 
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the difference of the sums of the readings in the two cases, 
livided by the whole number of readings, will be the index 
BiTor; while the sum of all the readings, divided by their 
number, will be the sun's diameter. 

EXAMPLE. 

Beadings on the Aic of Beadings on tbe Arc of 

Instrument. Excess. 

35 29 25 

35 5 29 85 

35 10 29 20 



105 15 88 20 

88 20 105 15 



No. of readings 6) 16 55 Difference. 6)193 85 Smn. 



2 49 Index error. 82 15*8 Son's diameter. 



The readings on the arc of excess being less than those on 
the arc of the instrument, the index error, 2^ 49'^ is to be sub- 
tracted from all the readings of the instrument. 

KoTC — In taking off tbe readings on tbe arc of excess, tbe yemier most 
be read backwards ; that is, tbe division read off on the limb, being the divi- 
sion next to the left of tbe zero of tbe yemier, tbe divisions of tbe vernier to 
be added must be reckoned from the other end of the vernier to the division 
coinciding with a division upon tbe limb ; or the reading of the yemier for- 
wards, according to the usual method, may be subtracted from 10', the limb 
being divided to 10', and the remainder added to the reading of the division 
upon the limb next to tbe left of the zero of the vernier, as before. 

The manner of observing with the sextant has been already 
explained, when treating of the pocket sextant (p. 120). 

TBOUOHTON^S BEFLECTING CIBCLE. 

In this instrument, which is the same in principle as the sex- 
tant, the limb is a complete circle, l l l. It has three verniers, 
V V V, one of which is furnished with the clamp and tangent 
screw, 8 s, for regulating the contacts ; and the verniers are 
read by a magnifier, m, which may be applied successively to 
all the verniers. In the middle of the frame, and attached to 
it by a broad base or flanch, is a hollow center, upwards of two 
inches long, in which an axis revolves. The triple vernier bar, 
I II, is attached at one end of the axis, and the index glass at 
the other, so that both turn together, but on opposite sides of 
the instrument. A secondary frame, b b, carries the telescope, 
T, the horizon glass, and the dark glasses, h h are two 
bandies, one of them bent, and passing round to the center of the 
instrament on the other side; and there is a third handle« 
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vMeh can be screwed on perpendicular to the pltuM of A> ii*!^^ 
Btrument, either into the handle at o, or upon the othn ihli^ 
of the inatrument, at ita center. The adjustmentg and oM 
ner of observing mth the inatramout are expUuned bj A 
or, Mr. Troughton, aa follows : — 




DireOtDiu /or oburviug viA Tnii^hio*'$ S^UOiag OirtU. — "Pnu 
tlie iostmineDt for obaraiation by Krewing the teletcope into iti pbM, adjiH- 
ing the dravec to focus, and tlie wirea pualltl to the plane, eiactlj' u }W 
do witb a Hitant ; alio set the index forwardi to the roogh diitasee of Ibe 
aun and meon, or moon end star; and, holding the circle bj the ihort taaUt, 
direct the telewnpe lo the faiiil«r object, and make tbe contact in the (mil 
wa;. Now lead off the degree, minute, and lecDDd, by that bmtcb of tbe 
index to which the tangent iciew ia atlached ; alao, the minals uid ■nnid 
abonrn b;t he other two branches; these give the distance taken oa Ihm 
difibrenC Beilsnla ; but as yet it is only to be consideled as bait an obiem- 
tion : what remains to be done, ii to complete the whole dnie, by meamtlDg 
tbat angle on the other three leitaDtt. Therefore wt the indei backmiAs 
nearly to the game distance, aud reTerse the plane of the instmment, by hold- 
ing it by the opposite handle, and make the contact aaabOT^ and reed off as 
before what Is shown on tbe three seieral branches of the iudaz. The mceo 
of all lii i> the tine sppuent dinanee, correiponding to the mean of &e two 
dme* at whkh the obeenations were made. 

" When the objects are seen rery distinctly, lo that no doubt irtuterer »■ 
msioi about the contact in both sights being perfect, the aboTe may aaMy ba 
relied OD as a complete set ; but if, from the haziness of the air, too mnch 
notion, or any other caosea, the observations have been rendered doTlbtfbl, 
it will be adrtiable to make more : and if, at such times, n many nadingi 
should he deemed tnublesome, six obserTatiatis, and six readings, nay bs 
condoeted in the manner fallowing ; — Take three successive sights Ibrnrd^ 
exactly aa ig done with a aextaat ; only take care to read them i^ on difiennt 
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\ of the index. Also make tliree observations backwards, using the 
ition ; a mean of these will be the distance required. When the num- 
^hts taken forwards and backwards are unequal, a mean between the 
t those taken backwards and those taken forwivds, will be the trae 

eed hardly be mentioned, that the shades, or dark glasses, apply like 
a sextant, for making the object nearly of the same brightness ; but 
be insisted on, that the telescope should, on every occasion, be raised 
ed, by its proper screw, for making them perfectly so." 

foregoing instructions for taking distances apply 
r for taking altitudes by the sea or artificial horizon, 
eing no more than distances taken in a vertical plane, 
an altitudes cannot, however, be taken both backwards 
rwards the same day, because there is not time ; all, 
>re, that can be done is, to observe the altitude one way, 
je the index error ; but, even here, you have a mean of 
titude, and this error taken on three different sextants. 
it sea and land, where the observer is stationary, the 
an altitude should be observed forwards one day, and 
irds the next, and so on alternately from day to day ; 
Ban of latitudes, deduced severally from such observa- 
will be the true latitude ; but in these there should be 
lication of index error, for that being constant, the re- 
)uld in some measure be vitiated thereby. 

en both the reflected and direct images require to be darkened, as is 
when the sun's diameter is measured, and when his altitude is taken 
artificial horizon, the attached dark glasses onght not to be used : in- 
them, those which apply to the eye-end of the telescope will answer 
tter; the former having their errors magnified by the power of the 
», will, in proportion to this power, and those errors, be less distinct 
I latter. 

taking distances, when the position does not vary from the vertical 
irty or forty degrees, the handles which are attached to the circle are 
r most conveniently used ; but in those which incline more to the 
d, that handle which screws into a cock on one side, and into the 
handle on the other, will be found more applicable, 
m the crooked handle happens to be in the way of reading one of the 
I of the index, it must be removed, for the time, by takmsf out the 
rew, which £utens it to the body of the circle, 
t should happen that two of the readings agree with each other very 
1 the third differs from them, the discordant one must not on any ac- 
orn itted, but a fair mean must always be taken, 
lould be stated, that when the angle is about thirty degrees, neither 
iuce of the sun and moon, nor an altitude of the sun, with the sea 
can be taken backwards ; because the dark glasses at that angle 
the reflected rays of light from fidling on the index glass; whence it 
necessary, when the angle to be taken is quite unknown, to observe 
I first, where the whole range is without interruption ; whereas in 
Icwards you will lose sight of the reflected image about that angle, 
luoh distances, where this son is out of the qoettLoni and when hia 
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altitude is taken with an artificial horizon (the shade bong applied ts M 
end of the telescope), that angle may be measured nearly as well as «f 
other ; for the rays incident on the index glass will pass through tbe ta» 
parent half of the horizon glass without much diminution of their hrigiitiMk 

" The advantages of this instrument, when compared with the sezlM^ 
are chiefly these : the observations for finding the index error are rmdeni 
useless, aU knowledge of that being put out of the question, by obserritf 
both forwards and backwards. By the same means the errors of them 
glasses are also corrected ; for if they increase the angle one way, thej mad 
diminish it the other way by the same quantity. Thu also perfectly comdi 
the errors of the horizon glass, and those of the index j^ass very nearly. But 
what is of still more consequence, the error of the center is perfectly correelei 
by reading the three branches of the index; while thia property, eombinei 
with that of observing both ways, probably reduces the errors of dividiog ts 
one-sixth part of their simple value. Moreover, angles may be measued n 
far as one hundred and fifty degrees, consequendy the 8un*8 doable altikode 
may be observed when his distance from the zenith is not less than fifteen 
degrees ; at which altitude the head of the observer begins to intereept the 
rays of light incident on the artificial horizon ; and, of course, if a grester 
angle could be measured, it would be of no use in thu respect 

" This instrument, in common with the sextant, requires three adjustmenti: 
first, the index glass perpendicular to the plane of the circle. This being 
done by the maker, and not liable to alter, has no direct means applied to 
the purpose ; it is known to be right when, by looking into the index glaii, 
you see that part of the limb which is next you reflected in contact wiu the 
opposite side of the limb as one continued arc of a circle : on the contrary, 
when the arc appears broken where the reflected and direct parts of the Umb 
meet, it is a proof that it wants to be rectified. The second is, to make the 
horizontal glass perpendicular. This is performed by a capstan screw, at the 
lower end of the frame of that glass ; and is known to be right when by a swe^ 
of the index the reflected image of any object will pass exactly over, or cover 
the image of that object seen directly. The third adjustment is fior makii^ 
the line of collimation parallel to the plane of the circle. This is performed by 
two small screws, which also fiuten the collar into which the telescope screws 
to the upright stem on which it is mounted ; this is known to be right when 
the sun and moon, having a distance of one hundred and thirty d^;rees, or 
more, their limbs are brought in contact, just at the outside of that wire which 
is next to the circle, and then examining if it be just the same at the outside 
of the other wire : its being so is the proof of adjustment." 

Another instrument of Troughton*8 construction upon the 

Srinciple of the sextant is the dip sector, for measuring the 
ip of the horizon. Any person who is thoroughly acquainted 
with the sextant will find no difficulty in using it, after a few 
words of explanation from the maker. 

THE TRANSIT INSTBTJMENT. 

The reflecting instruments, which we have just described, 
from their portability and the promptitude and facility with 
which they may be used in all situations, and upon all occa* 
sions, are most useful instruments to the surveyor. The 
sextant or reflecting circle, with an artificial horiion, and a 
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good chronometer, forms, in fact, a complete observatory, with 
which the latitudes and longitudes of places may be deter- 
mined to a great degree of accuracy ; while to the navigator 
a reflecting instrument is indispensable ; all other instruments 
requiring to be supported upon a stand perfectly at rest*. 
while the sextant and similar instruments are held in the 
hand, and perform their duty well on the deck of a rolling 
ship. In permanent observations, however, the capital an- 
gular instruments are placed permanently in the plane of the 
meridian, and the measurements sought for by their aid are 
the exact times at which the observed objects pass tbe meri- 
dian, and their angular altitudes or zenith distances, when 
upon the meridian. The instrument with which the first of 
these measurements are obtained is called a transit instru- 
ment, transit telescope, or merely a transit. Transits of port- 
able dimensions, besides their use in small or temporary ob- 
servatories, are also found serviceable to the surveyor, for 
determining, with the greatest possible accuracy, the true 
north point, and thence setting out a line in any required 
direction ; and to the scientific traveller, for determining tbe 
longitude of any place from astronomical observations, and for 
adjusting his time-keepers with greater accuracy than can be 
obtained by his sextant or reflecting circle. The annexed 
figure represents a portable transit. 

T T is a telescope formed of two parts, connected by a 
spherical center- piece, into which are fitted the larger ends 
of two cones, the common axis of which is placed at right 
angles to the axis of the telescope, to serve as the horizontal 
axis of the instniment. The two small ends of these cones 
are ground into two perfectly equal cylinders, called picots. 
The pivots rest upon angular bearings or Ys. The Ys are sup- 
ported upon the standards e and w, of which e may be called 
the eastern, and w the western standard ; and one of the Ys is 
fixed in a horizontal groove, on the western standard, so that, 
by means of the screw s, one end of the axis may be pushed a 
little forwards or backwards, and a small motion in azimuth 
be thus communicated to the telescope f. The standards, e 

• In observatories the instruments are supported by stone walls, or pil- 
lari, which past below the floors, without touching them, or any part of the 
building, and are consequently independent of any tremor, communicated to 
the floor or walls of the buildings. It wns considered that the passage of a 
Tail way through Greenwich Park would impair the observations at the Royal 
Observatory, by communicating a tremor to the ground. 

+ The large transits in permanent observations have their Ys placed in 
two dove-tailed grooves, one horizontal, and the other vertical. By means 
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and w, are fixed by screws upon a brass circle, o o, and steadied 
by oblique braces, b b, which spring froin the croae-piece, o. 

On one end of the axis is fixed, so as to revolve with the 
axis, a yertical circle, v T ; and a double index bar, fomishod 




with a spirit level, ( /, to set it horizontal, carries two ver- 
niers, M n, adapted to the vertical circle, and showing the 
angle of elevation, of tbe telescope. The index-bar is fixed in 
its position by the clamping screw, o, and can be fixed upon 

of the latter ooe end of the oeib nuy be taiKd or deprcued ; bat in 
tha portabU tianiit the lamc object ii attained by turning one of the &ot 
tCTfwi apon nhich the entire inilninient rati. 
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the eastern or western standard, at pleasure, while tbe 
pe, with its attached circle, can also be lifted out of, and 
i position reversed in, the Ys. The pivot, which does 
ry the vertical circle, is pierced, and allows the light 
lamp to fall upon a plane speculum, fixed, in the 
il center piece, on the axis of the telescope, and in- 
to this axis at an angle of 45°. The light is thus 
directly down the telescope, and illuminates the wires 
diaphragm, placed in the principal focus of the tele- 
Of these wires, one is horizontal ; and a vertical wire, 
;ting it in the center of the field of view, gives, by its 
;tion with it, the coUimating point. There are, then, 
ertical wires arranged in pairs equidistant from the 
vertical wires, so that we have either three, or five, or 
'ertical wires, the most common number being five, 
mp has a contrivance for regulating the quantity of 
irown into the telescope, by turning a screw, so that 
tit from a small star may not be overpowered by the 
r light of the lamp. 

requisites of a good instrument, are — Istly, that the 
DO be of the best quality, which is to be tested by the 
s already given (pp. 86-88); 2ndly, that the feet 
act well and remain steady; 3rdly, that all the 
by which the instrument is put together, are turned 
md remain so, sifter the instrument has been shaken 
iage ; 4thly, that the length of the axis be just suffi- 
) reach from one Y to the other, without either friction 
ty ; 5thly, that the lamp be held so as not to require 
lent for position ; 6thly, that the screws of adjustment 
liaphragm, and Ys, be competent to give security of po- 
the parts adjusted by them ; 7thly, that the metal- 
:s be free from flaws in casting, and that the pivots be 
of hard bell metal and incapable of rusting, 
principal adjustments of the transit are three : — 

o make the axis on which the telescope moves horizontal. 
Co make the line of collimation move in a great vertical circle, by 
perpendicular to the horizontal axis. 
?o make it move in that vertical circle, which is the meridian. 

nake the Axis Horizontal. — ^Apply to the pivots the 
5vel, L L, which is supplied with the instrument for this 
3, and is either constructed to stand upon the pivots, 
3h case it is called a striding level, or of the form 
at page 96, in which case it is suspended from the 
and is called a hanging level. Bring the air bubble 

H 3 



148 MATHEMATICAL INSTRUMENTS 

to the center of its run, by turning the foot screw,/. Turn 
the level end for end, and, if the air bubble retains its posi- 
tion, the axis is horizontal, but, if not, it must be brought ba<^ 
half by the foot screw,/, and the other half by turning the 
small screw at one end of the level. Eepeat the operation 
till the bubble retains the same position in both positions ct 
the level, and the axis will be horizontal. 

To adjust the Line of Collimation in Azimuth, — ^Direct the 
telescope to some distant, small, and well-defined object, and 
bisect it by one extremity of the middle vertical wire, giving 
the telescope the azimuthal motion necessary for this purpose 
by turning the screw s. By elevating or depressing the tele- 
scope, examine whether the object is bisected by every part 
of the middle vertical wire; and if not, loosen the screws 
which hold the eye-end of the telescope in its place, and turn 
the end round very carefully till the error is moved. Lift 
the transit off the Ys, and reverse it, so that the end of the 
axis, which was upon the eastern Y, may now be • upon the 
western, and vice versd; and, if the object is still bisected by 
the central vertical wire, the collimation in azimuth is per- 
fect; but, if not, move the center of the cross wires half 
way towards the object by turning the small screws which 
hold the diaphragm, and, if this half distance has been cor- 
rectly estimated, the adjustment will be accomplished. Again, 
bisect the object by the center of the cross wires by turning the 
azimuthal screw s, and repeat the operation, till the object is 
bisected by the center of the cross wires in both positions 
of the instmment, and the adjustment will be known to be 
perfect *. 

To adjust the Transit to iheMeiidian. — ^The line of collima- 
tion by reason of the previous adjustment describes a vertical 
circle, and, therefore, bisects the zenith, which is one point in 
the meridian. If, then, we can make it also bisect another point 
in the meridian, it will move entirely in the meridian. Com- 
pute from the tables in the Nautical Almanack, the time of 
Polaris coming to the meridian, and at the computed time 
bisect the star by the middle vertical wire, and the transit 
will be very nearly adjusted to the meridian. 

To make the great vertical circle described by the line of 
collimation more nearly coincident with the meridian, let the 
intervals between the successive passages of Polaris across 

* The horizontal motion given to the Y, by the azimuthal screw s, fonofly ^'^ 
evidently, no part of the adjustment for collimation, but only enables us to 
examine if the adjustment has been mtide with sufHcient exactness. j-^ 
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the meridian be observed, as indicated by the instrument. 
Then, if the interval between the inferior and superior pas- 
sage be equal to the interval between the superior and infe- 
rior, the adjustment to the meridian is perfect; but if the 
interval between the inferior and superior passage be less tlian 
the interval between the superior and inferior, the circle 
described by the line of collimation deviates to the eastward of 
the true meridian, from the zenith to the north point of the 
horizon, and to the westward, from the zenith to the south 
point of the horizon ; while if the interval between the infe- 
rior and superior passage be the greater, the deviation is in 
tlie contrary directions. 

Let i be the observed difference of the intervals from twelve 
hours, or half the difference between the two intervals in 
seconds, w the polar distance of the star Polaris, and l the 
ktitude of the place, then, z representing the deviation from 
the meridian in time, the value of z will be given by the 
logarithmic formula, 

log. z = log. _ 4. log. sec. L + log. tan. <r — 20. 

EXAMPLE. 

HM6 of obserration, Cambridge, latitude 52"" 12' 36''. 
Polar distance of Polaris, 1° 89' 25"-05. 
Difference of intervals from 12 hours 7°" 22' » 442*. 

2-221 log. - 2-8443923 

L«62° 12' 86" log. sec. = 10-2127080 

••- 1» 39' 25"-06...1og.tan. = 8-4613064 



z « 10M95. log. « 21-0084017 



To determine the value of a revolution of the azimuthal screw, 
8, the time * of passage of an equatorial star across the middle 
vertical wire must be noted one day ; and then, turning the 
screw, 8, once round, the time of passage* must be noted 
again ; and the difference of these times will be the value in 
time of a revolution of the screw. Suppose the difference 
thus observed to amount to two seconds, then the value of 
one complete revolution- of the screw, s, is two seconds, and 
the value of the motion of the adjusting screw being thus ob- 
tained, must be reduced, to the horizon, by increasing it in 
the ratio of cosine of latitude to radius, and may then be ap- 
plied to correct the error of deviation as found above. 

* The time here spoken o^ and throughout the description of this instru- 
BMDt^ unless other^vise expressly stated, is sidereal^ and not mean time. 
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A second metliod, founded on the same principles as the 
preceding, consists in observing the pole star, and another 
star, which crosses the meridian near the zenith of the place 
of observation. The time of passage of such a star, Capella, 
for instance, when near its superior transit, across the middle 
wire of the telescope, will differ but very little from the time 
of passing the true meridian, if the deviation of the instru- 
ment from the meridian be but small. Assume the two 
times to agree exactly, and the difference between the times 
of superior transit of Capella and Polaris will be the differ- 
ence of the observed right ascensions of these two stars. 
From this difference subtract the difference of the computed, 
or catalogued, right ascensions of the two stars, and call the 
result D ; and the deviation will be given by the formula, 
log. z = log. D + log. sin. "TT + log. sec. (l -f- •n-) ; 
ir being the polar distance of Polaris, and l the latitude of 
the place of observation. From Capella not having been 
exactly on the meridian, when on the middle vertical wire, 
the value of d, as above obtained, is only an approximation 
to the error of the observed right ascension of Polaris, and 
the deviation computed from it will be only approximately 
correct ; but, by repeating the operation, the adjustment may 
be completely perfected. 

D is actually the value of the sum of the errors of the ob- 
served right ascensions of Capella and Polaris, and hence 
the value of z will be correctly given, by so considering it, 
instead of supposing as above, that this error for Capella is 
zero. The true deviation then is given by the formula, 

log. z = log. D + log. sin. «• + log. sin. «•' + log. cosec. (*' — ir) + log. sec. L j 

tt' being the polar distance of Capella. 

Using this last formula, the method may be applied to 
Polaris, and any star distant from the pole, or to any two stars 
differing from each other not less than 40° in declination. If, 
however, the transit of one star is observed above, and of the 
other, below the pole, the formula will be 

log. z = log. D 4- log. sin. «• 4- log. sin. «•' + log. cosec. (*' + «•) + log. sec L. 

Considerable advantage may be obtained by selecting two 
stars that differ but little in right ascension, as there is then 
the less probability of error from a change in the rate of the 
clock, or in the position of the instrument, on which account 
such methods are to be preferred in temporary observatories, 
where the stability of the instrument is not to be depended 
upon for any length of time. 
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In all the preceding formulae, the deviation from the me- 
ridian is given in time ; but, to convert it into angular measure, 
if desirable, we have only to multiply by 15, and the seconds 
of time will be converted into seconds of a degree. 

When the instrument is by any of the methods explained 
above brought into the meridian, a distant mark may be set 
up in the plane of the meridian, by which the adjustment to 
the meridian may afterwards be tested. 

METHOD OF OBSERVING WITH THE TRANSIT. 

The adjustments having been completed, in making obser- 
Tations with the instrument, the instant of a star's passing 
the middle vertical wire will be the time of the star's transit ; 
but the time of the star's passing all the five wires must be 
noted, and the mean of the times, taken as the time of transit, 
will be a more accurate result than the time observed at the 
middle wire only. 

When the sun is the object observed, the time of the center 
of his disc passing the middle wire is the time of transit; but, 
as it would be impossible to estimate the center with accu- 
racy, the time of both his limbs coming into contact with each 
wira in succession is to be noted, and a mean of all these times 
will be the time of transit required. This mean may be con- 
veniently taken, by writing the observed times of contact of the 
first and second limbs underneath each other in the reverse 
order, when the sums of each pair will be nearly equal *. 

EXAMPLE. 



1826, Sept 28 


20*4 
42-3 

2-7 


88-7 
24*0 

2-7 


h m 8 

11 58 670 

12 1 5-7 


l*6-6 
47-2 

2-7 


83-7 
28-7 

2-4 


1 Limb. 
2 Limb. 


24 2-7 


The snm » 18'2 



The time of either limb passing the center wire is recorded 
in full, but for the other wires, the seconds only are recorded, 
as the sums of the several pairs only differ by decimals of a 
second. Half the sum of the times at the middle gives, then, 
the correct time of transit as far as the seconds, and the deci- 
mals are found by removing the decimal point one place to 
tlie left in the sum 13*2, which is equivalent to dividing by 
10- Then the time of transit, or mean of observations in the 
above example, is 12** 0™ l^-SH, This example is taken from 
observations made with a large transit; and, if with a smaller 

* This is Dr. Peanoii t mft\li^ 
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instrument the sums of the several pairs of observatioDS 
should differ by more than a second, it will be necessary to 
take the sums of both figures of the seconds, and the division 
by 10, performed as above, will give the last figure of the se- 
conds, as well as the decimals. 

In taking transits of the moon the luminous edge alone can 
be observed, from which the time of transit of the center must 
be deduced by the aid of Lunar tables. 

In observing the larger planets, one limb may be observed 
at the first, third, and fifth wires, and the other at the second 
and fourth, and the mean of these observations will give the 
transit of the planet's center. 

It will sometimes happen that from the state of weather, or 
from some other cause, a heavenly body may not have been 
observed at all the wires; but, if the declination of the body 
be known, an observation at any one of the wires may be re- 
duced to the central wire, so as to give the time of transit, as 
deduced from this observation. If an observation be ob- 
tained at more than one wire, the mean of the timies of pass- 
ing the center, as deduced from each wire observed, is to be 
taken as the time of transit. Th e reduction to the center 
wire is given by the formula, 

B = V cosec. TT, 
or log. R = log. V -f-log. cosec. w ; 

in which B represents the reduction, or the polar distance of 
the body observed, and v the equatorial interval from the 
wire, at which the observation has been made, to the central 
wire. The equatorial intervals for each side wire must, there- 
fore, be carefully observed, and tabulated for the purpose of 
this reduction. The formula r=v cosec. v is only an approxi- 
mate value of the reduction, and with large instruments capable 
of giving results within 0"*05, a further correction is necessary 
for bodies within 10° of the pole. The whole reduction in 
this case is given by the formula, 

r' = — -sin. * (cosec. w sin. 16 v). 
lo 

The time of any star's passage from one of the side wires to 
the center wire being observed, the equatorial interval from 
that vdre to the center is obtained by multiplying the ob- 
served interval by the sine of the star's polar distance ; and 
the equatorial intervals being deduced in this manner from a 
gi'eat many stars, the mean of the results may be considered 
as very correct values of the equatorial intervals required 
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"Ko star very near the pole should, however, be taken for this 
"purpose. 

USE OF THE PORTABLE TBANSIT. 

The large transits in permanent observatories are used to 
obtain, with the greatest possible accuracy, the right ascen- 
sioDS of the heavenly bodies, from which, and the meridian 
altitudes observed by a mural circle, an instrument consisting 
of a telescope attached to a large circle, and placed in the 
plane of the meridian, nearly all the data necessary for every 
astronomical computation are obtained. For such purposes 
the small portable transit is not adapted ; but it is competent 
to determine the time to an accuracy of half a second, to 
f determine the longitude by observations of the moon and 
b moon culminating stars, and to determine the latitude by 
placing it at right angles to the meridian, or in the plane of 
the prime vertical*. 

The transit of the sun's center gives the apparent noon at 
the place of observation, and the mean time at apparent noon is 
found by subtracting or adding the equation of time, as found 
in the Nautical Almanack, to 24 hours f- The difference 
between the mean time, thus found, and the time of the sun's 
transit, as shown by a clock or chronometer, is the error of 
the clock or chronometer for mean time at the place of obser- 
vation. 

The time shown by a sidereal clock when any heavenly 
body crosses the meridian should coincide with the right 
ascension of that body, as given in the Nautical Almanack. 
The difference between the time shown by the sidereal clock, 
at the transit, and the right ascension of the body, taken 
from the almanack, will, therefore, be the error of the clock, 
+, or too fast, when the clock time is greater than the right 
ascension, — , or too slow, when it is less. 

THE PORTABLE ALTITUDE AND AZIMUTH INSTRUMENT. 

The bending of an unbraced telescope renders it unfit for 
the determination of altitudes ; but by placing the telescope 

* The prime vertical is the great circle which passes through the zenith 
and the east and west points of the horizon. 

i* The astronomical day commences at noon, and conta.ns 24 hours, the * 
hours after midnight being called 13, 14, &c., and the day ends at the next 
noon. The equation of time is given in the Nautical Almanack for ap- 
parent noon at the meridian of Greenwich, and the correction to give the 
equation of time at any other meridian will be found by multiplying the 
difierence for one hour, as given in the almanack, by the longitude of the 
place, estimated in time. 

H 8 
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botweeD two circles braced together, aa iastrumeiit nu 
formed capable of observing both the meridian altitudes 
times of transit of the heavenly bodies. The increased wi 
of the iDstrument, however, must now be prevented &am 
ducing flexure in the horizontal axis, and this has been 
ingeniously accomplished by Troughton. By mounting 
transit and altitude instrument, as Troughton 's transits 
may be called, upon a horizontal plate or circle having ar 
muthal motion round a vertical axis, an instrument is foi 
by which observations may be made either in or out ol 
meridian. When constructed of a portable size, the alt 
and azimuth iustroment may also be used in important 
veying operations ; for, in fact, it may be considered 
rather laree theodolite of superior construction. 

The altitude and 
azimuth instrument 
may be considered as 
consisting of three 
parts: 1, the tripod 
carrying the vertical 
axis about which the 
instrument turns; Q, 
the horizontal revolv- 
ing plate carrying the 
vertical pillars, with 
their appendages; and 
3, the vertical circles 
with the telescope. 

The tripod, a a, is 
supported by three 
footecrews, by which 
ihe Tertical axis is 
brought into adjust- 
ment, and carries the 
lower horizontal plate, 
which is graduHted to 
show the azimuths or 
horizontal angles. The 
vertical axis is a solid 
metallic cone rising 
ttoTn the center of the 
tripod to a height about 
equal to the radius of 
the horizontal circle. 
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The upper horizontal plate, or horizontal revolving plate, 
YY, carries an index, to point out the graduation, upon the 
lower horizontal plate, or azimuth circle, which denotes nearly 
the angle to he read off. The graduations upon the azimuth 
circle, as well as upon the vertical circle, are suhdivided hj 
reading microscopes, the construction and adjustments of 
which we shall presently explain. The reading microscopes 
of the azimuth circle are attached to the revolving plate, vy, 
which also carries two upright pillars. From the center 
of the upper horizontal plate, y y, rises a hollow hrass cone 
which just fits over, and moves smoothly upon the solid 
metallic vertical axis rising from the tripod stand. A hori- 
zontal hrace connects the two upright pillars with one an- 
other and with the top of the hollow hrass cone, and keeps 
the pillars firm and parallel to one another. On the top of 
each pillar a gihhet piece is fixed, projecting heyond the 
pillars, and upon the extreme ends of these pieces are carried 
the Ys for supporting the pivots of the horizontal, or transit 
axis. The Ys are each capable of being raised or lowered by 
taming a milled-headed screw. The top of one of the pillars 
carries a cross-piece for supporting the two reading micro- 
scopes of the vertical circle ; and to this cross-piece is attached 
the level, l l, by which the adjustment of the vertical axis is 
denoted. 

The third portion of the instrument consists of the vertical 
circle and its telescope. This circle consists of two limbs 
firmly braced together, and preventing any tendency to flexure 
in the tube of the telescope, by ajETording it support at the op- 
posite ends of a diameter. One of the limbs only is gradu- 
ated, and the graduated side is called the face of the instru- 
ment, and the clamp and tangent screw, for giving a slow 
Eiotion to the vertical circle, act upon the ungraduated limb, 
and are fixed to the vertical pillar on the side of that limb. 
The horizontal axis which supports the telescope and vertical 
circle is constructed exactly as the axis of the transit instru- 
ment already described ; but, as it might press too heavily on 
the Ys from the increased load of the vertical circle, a spiral 
spring, fixed in the body of each pillar, presses up a friction 
roller against the conical axis with a force which is nearly a 
counterpoise to its weight. The adjustment of the horizontal 
axis is denoted by a striding level, as in the portable transit 
already described. 
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ADJUSTMENTS. 



Adjustments of the Vertical Aads. — Tarn the instrument 
round till the level, ll, is over two of the foot-screws, and 
adjust the level, so that its bubble may retain the same 
position, when the iustrument is turned half round, so that 
the level is again over the same foot-screws, but iu the re* 
verse position. The error at each trial is corrected, as nearly 
as can be judged, half by the foot-screws, and half by the 
adjusting screw of the level itself. 

Next turn the instrument round 90° in azimuth, so that 
the level, l l, may be at right angles to its former positions, 
and bring the bubble to the same position as before, by turn- 
ing the third foot-screw. Kepeat the whole operation till the 
result is satisfactory. 

Adjustment of the Horizontal Axis. — This adjustment is 
performed in the same manner, as already described for the 
transit instrument (p. 147), with the single exception that one 
end of the 6Dtis is to be raised or lowered, if necessary, by the 
screw acting upon its Y, and not by moving a foot-screw, 
which would derange the previous adjustment. 

Adjustment of the Circle to its Reading Microscopes. — This 
is performed by raising or lowering both the Ys equally, so as 
not to derange the previous adjustment, till the microscopes 
are directed to opposite points in its horizontal diameter. 

Adjustment of Collimatiou in Azimuth. — Instead of taking 
the axis out of its bearings and turning it end for end, the 
whole instrument is turned round in azimuth; but in all 
other respects the method of performing this adjustment 
is the same as that already described for the transit instru- 
ment (p. 148). 

Adjustment of Collimation in Altitude. — Point the tele- 
scope to a very distant object, or star, and, bisecting it by the 
cross wires, read off the angle upon the vertical circle denoted 
by the reading microscopes. Turn the instrument half round 
in azimuth, and, again bisecting the same object by the crosp 
wires, read off the angle. One of these readings will be 
an altitude, and the other a zenith distance *, and their sum, 
therefore, when there is no error of collimation in altitude, 
will be 90°. If the sum is not 90°, half its difference from 90° 

* Both the horizontal and vertical circles are usually divided alike into 
four quadrants, and each quadrant graduated from 0^ to 90^, proceeding in 
the same direction all round the circles. 
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will be the error of collimation in altitude, and this error 
being added to, or subtracted from, the observed angles, ac- 
cording as the sum of the readings is less or greater than 90°, 
will give the true zenith distance and altitude/ The error of 
collimation in altitude may then be corrected by adjusting 
the microscopes to read the true zenith distance and altitude, 
thus found, while the object is bisected by the cross wires of 
the telescope. The error of collimation of this and other 
astronomical instruments may also be found, or corrected, by 
the collimator. 

Use of the Altitude and Azimuth Instrument. — In using the 
altitude and azimuth instrument, for astronomical purposes, 
double observations should always be made, with the face first 
to the east, and then to the west, or vice versd^ or several ob- 
servations may be made with the face to the east, and as many 
with the face to the west, and the mean of the results, reduced 
to the meridian, taken as the true results. The place for a 
meridian mark may be determined by the methods already ex- 
plained when describing the transit instrument, or by observing 
the readings of the azimuthal circle, or noting the times, when 
any celestial object has equal altitudes. Since the diaphragm 
of the telescope is furnished not only with the central hori- 
zontal wire, but with other horizontal wires at equal distances 
above and below it, so that there may be altogether either three, 
or five, or seven horizontal wires, the azimuths and times may 
be observed, when the object observed is bisected by each of 
these wires. If a fixed star be the object observed, the mean 
of the times will give the time of the star's passing the 
meridian, and the mean of the azimuths will give the reading 
of the azimuth circle when the star was on the meridian, or the 
correction to be applied to the readings of the azimuth circle 
to give the true azimuths. If the sun be the body observed, 
a correction is necessary on account of the change of his de- 
clination, during the intervals between the observations. 
The correction for the time, as deduced from a pair of equal 

altitudes of the sun, is given by the formula, 

t 

\ — 

Correction = w ? (tan. D X cos. 15° 'J. —tan. l.) 

720^ sin. 16°.!. * 

2 

in which ) represents the variation in the sun's declination from the noon of 
the day preceding the observations to the noon of the day suc- 
ceeding ; 
t represents the interval between the observations expressed in 
hours and decimals of an hour ; 
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D represents the sou's decliiiation at noon on the day on which the 

obseryations are made ; 
L represents the kititade of the place. 
) is to be reckoned positiTe when the sun's declination is increasing, and 
BC^tiye when it is decreasing. 

The correction for aximath is given by the formula^ 

15 
Correction » | (i>'— 1>) nc. lat cosec. — (t'^t). 

in which d'— d represents the change of the son's declination, 'I betweoi the 
and t'— T represents the interval in time, J observations. 

When the sun is advancing towards the North Pole, this 
correction will cany the middle point towards the west of the 
approximate south point; but when he is approaching the 
South Pole, it will carry the same point towards the east, and 
must be applied accordingly. 

The altitude and azimuth instrument being adapted to ob- 
serve the heavenly bodies in any part of the visible expanse 
of the heavens, its powers may be applied at any time to de- 
termine the data from which the time, the latitude of the 
place of observation, or the declination of the body observed, 
may be at once determined. We subjoin some of the formulas, 
adapted to logarithmic computation, connecting the parts of 
what may be called the astronomical triangle^ of which the 
angular points are, the pole, f, the zenith, z, and the appa- 
rent place of the body observed, s. 
Let p z, the colatitude of the place, be represented by x. 

PS, the polar distance of the body observed n, 

z s, the zenith distance of the body observed z. 

zps, the hour angle from the meridian h. 

Fzs, the azimuthal angle a. 



X 




Then we have the following formulae for determining the 
time, the latitude, and the declination of the body observed. 
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i: BKADIHO IdCROSCOPB. 



The first of the annexed figures represents a lODgitudinal 
section of thU instrument, and the second represents the 



■4?.^ 




)us of the limb of 
3 applied, and the 




field of view, showing the magnified divisi 

the instrument to which the microscope i 

diaphragm, d d, of the microscope, with 

its comb, e c, and cross wires, w w 

The diaphragm is contained in the box, 

( t, and consists of two parts moving 

one over the other, the comb, o c, 

which is moved hj the screw, i, at the 

bottom of the boK, for the purpose of 

adjuaiment, and the cross wires, to w, 

and indes, i, which are moted over the 

comb aud the magnified image of the 

limb, by turning the milled head, h. The micrometer head. 

m, is attached by friction to the screw turned by the milled 

head, so that, hy holding fast the milled head, the micrometer 

head can be turned round for adjustment. 

e is the eye-piece, which slides with friction into the cell, c, 
80 as to produce distinct vision of the spider's lines of the micro- 
meter. The otflect-glasa, o, is held by a conical piece, d d. which 
seiews further into or out of the body of the instrument, so 
as to produce distinct vision of the divided limb to be read by 
the microscope, and, when adjusted, is held firmly in its place 
by the nut, b b. The microscope screws into a collar, so as to 
he capable of adjustment with respect to its distance from the 
divided limb, and, when so adjusted, is held firmly in its place 
bjr the nuts, n n, n' n. 
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Adjustments of the Reading Microscope, — Screw the object- 
^ass home. Insert the body of the microscope into the collar 
destined to receive it, and screw home the nuts, n n and n' n'. 
Make the diaphragm and spider's lines visible distinctly, by 
putting the eye-piece, ^, the proper depth into the cell, c. 
Then make the graduated limb also distinctly visible without 
parallax by turning the nuts, n w, and n' n\ unscrewing one 
and screwing up the other till the desired object is attained. 

Now bring the point of intersection of the spider's lines 
upon a stroke of the limb, and turn the micrometer head, m, 
to zero ; then, turning the screw through five revolutions, if 
the point of intersection of the spider's lines has not moved 
over the whole of one of the divided spaces on the limb, the 
object lens must be screwed up to diminish the power by turn- 
ing the cone, dd; and if it has moved over more than one of 
the divided spaces, it must be unscrewed to increase the 
power, and then altering the position of the microscope, by 
turning the nuts, nn and n^n\ till distinct vision of the limb 
is again obtained, the measure of the space, moved over by 
five revolutions of the screw, must be repeated, as before. 
When, after repeated trials, the result is satisfactory, the 
three uut8, mij n/n\ uud 66, must be screwed tight home, to 
render the adjustment permanent. 

When the microscope has been thus adjusted for distance, 
the zero of the division on the limb must be brought to the 
point of intersection of the spider's lines, and the divided 
head, m, turned, till its zero is pointed to by its index, and 
then, if the zero on the comb, c <?, be not covered exactly by 
the index, t, the comb must be moved by turning the screw, t, 
which enters the bottom of the micrometer box, till its zero 
is covered by the index pin. The adjustment of the reading 
microscope will now be perfect ; and the graduated limb to be 
read by it, being divided at every five minutes, the degree 
and nearest five minutes of an observed angle will be shown 
by the pointer or index to this graduated limb; while the 
number of complete revolutions, and the parts of a revolution, 
of the screw, in the order of the numbers upon the micro- 
meter head, m, required to bring the point of intersection of 
the spiders lines upon a division of the graduated limb, will 
be the number of minutes and seconds, respectively, to be 
added to the degrees and minutes shown by the index of the 
circle. The complete revolutions, or minutes, to be added, 
are shown by the number of teeth the index, i, has passed 
over from zero, and the parts of a revolution^ or &eco\vd& ^s^jL 
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tenths to be added, are pointed out upon the micrometer 
head m, hy its index. » 



THE GOLLIMATOB. 

B B, is a rectangular mahogany box partly filled mth mer- 
cury. F F, is a float of cast iron partly immersed in the mer- 
cury, h by are two iron-bearing pieces, screwed to the bottom 
of the box by short iron screws ; and each of these pieces has 
two vertical plates turned up, the inner one of which has a 
longitudinal slit in it, into which slits iron pivots, screwed 
into the sides of the float, are admitted. The use of these 
parts is to keep the sides of the float parallel to the sides of 
the box, and at an inch, or more, from contact with any part of 
the box, that the mercury may assume a flat surface, h and 
K are two holding pieces of metal cast along with the float, and 
are perforated, to receive each a socket. The socket at h re- 
ceives an achromatic object-glass, and is adjustable by a screw 
for its focal distance, and the socket at k holds two cross 
wires ; while another socket, let into the end of the box at l, 

carries a lens forming an 

eye-piece ; so that the col- ^.^^^^ '^' ^ T\ 

limator is in fact an astro- y^iL _ jesi ^-^ \ \ 

nomical telescope with a ^ (J) 
system of cross wires in " ^ 
tiie common focus of the 
object-glass and eye-lens. 
The inclination, as com- 
pared with the surface of the fluid, of the optical axis of this 
telescope, or of the line joining the center of the object-glass 
and the intersection of the cross wires, can be modified by the 
addition of perforated pieces of iron, held steady by the 
vertical pin, p, and by their weight depressing the end of the 
float. The mercury must be as pure as can be obtained, and 
particles of dust must be constantly excluded by a lid that 
covers over the top of the box. At m is a circular hole, closed 
when the instrument is not in use, through which the tele- 
scope, of which the error of collimation is sought, is to be 
directed ; and a lamp is placed behind the eye-lens at l, to 
illuminate the cross wires. 

T]%e of the Collimator with an Altitude and Azimuth Instni- 
ment. — Place the collimator in the plane of the meridian on 
the south side of the observatory, and direct it so that the 
CTosa wires of the telescope of the altitude and azimuth instru- 
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ment may be seen through it, in the center of the field of 
view ; then also will the cross Ynres of the collimator be seen 
through the telescope in the center of its field of view. Bead 
off the altitude of the cross wires of the collimator, and then, 
turning the instrument half round in azimuth, observe again 
the cross wires of the collimator, and read off the angle upon 
the vertical limb, which will now be a zenith distance. The 
difference between the sum of these readings and 90°, is the 
correction which is to be applied to the altitudes and zenith 
distances observed with the instrument. 

Example. — The sun's meridian altitude had been observed 
on the 20th December, 1826, and the following determination 
of the error was made immediately after the observations 
were finished ; viz : — 

Before reversion the apparent altitude of the cross 

wires was . . . . . . . . 0° 1' 2"-33 

After reversion the apparent zenith distance of the cross 

wires was 89 58 10 *33 

Sum 89 69 12 -66 

Defect from 90* . . . 47 '83 

Correction of errors of coUimation, &c. . . 23 *66 

Altitude of cross wires corrected = *{ i 23 '66 f ** 1 26 '00 

Zenith distance . . • =• {+° ^^ 28- 66} "" ®^ ^® ^* *^^ 

90 -00 

The collimator may also be used for a meridian mark with 
the transit instrument. When used with a circle for measur- 
ing altitudes and zenith distances, which has no motion in 
azimuth, the collimator must be moved from the north to the 
south side of the observatory, and the mean of the observa- 
tions in each of these two positions will give the correction 
for the errors of coUimation, &c., as above. 



PART V.-^N THE GONIOMETER. 

The last instrument to which we shall call attention in this 
little work, is Wollaston*s Goniometer, used for measuring 
the angles of crystals. The following lucid description of the 
construction and method of using this instrument is extracted 
from the able article on Crystallography in the " Encyclo- 
psedia Metropolitana." 
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Fig.l. 




*' Tlie iustniments used for measuring the angles at which the planes of 
crystals incline to each other, are called Goniometers. 

" The mutual inclination of any two planes, as of 
a and 6, fig. 1, i« indicated by the angle formed by 
two lines, e d, ef, drawn upon them from any point, 
€t on the edge at which they meet, and perpen- 
dicular to that edge. 

"Now it is known that if two right lines, as 
gft dh, fig. 2, cross each other at any p<»nt, e, 
the opposite angles, def, geh, are equal If, 
therefore, the lines, gf, dh, are supposed to be 
very thin and narrow plates, and to be attached 
together by a pin at e, serving as an axis to permit 
the point, /, to be brought nearer either to c2, or to 
A, and that the edges, e d, ef, of those plates, are 
applied to the planes of the crystal, fig. 1, so as to 
rest upon the lines, e d, «/, it is obvious that the 
angle, geh,o{ the moveable plates would be exactly 
equal to the angle, d ef, of the crystal. 

" The common goniometer is a smftU instrument for measuring this angle, 
gehfOi the moveable pkites. It consists of a semicircle, fig. S, divided into 
360 equal parts, or hiJf degrees, and a pair of moveable arms, d A, gf, fig. 4, 
the semicircle having a pin at i, which fits into a hole in the moveable arms 
at e. 



Itg.2. 




d — 



Fig,%, 



Fig.i. 





" The method of using this instrument is to apply the edges, d «, ef, of 
the moveable arms to the two adjacent planes of any crystal, so that they 
shall actually touch or rest upon those planes in directions perpendicular to 
their edge. The arm, d h, is then to be laid on the plate, m n, of the semi- 
circle, fig. 3, the hole at e being suffered to drop on the pin at t, and the 
edge nearest to k of the arm will then indicate on the semicircle, as in fig. 5, 
the number of degrees which the measured angle contains. 



" When this instrument is applied to 
the planes of a crystal, the points, d and 
f, fig. 4, should be previously brought 
sufficiently near together for the edges, 
d e, ef, to form a more acute angle than 
that about to be measured. The edges 
being then gently pressed upon the 
crystal, the points, d and /, will be 
gradually separated, until the edges co- 
incide so accurately with the planes 
that no light can be perceived between 
tAem, 



Fig, 6. 
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" The common goniometer is, however, incapable of affording very precise 
results, owing to the occasional imperfection of the planes of crystals, their 
frequent minuteness, and the difficulty of applying the instrument with the 
requisite degree of precision. 

" The more perfect instrument, and one of the highest value to crystallo- 
graphy, is the reflecting goniometer, invented by Dr. Wollaston, which will 
give the inclination of planes whose area is less than jj^^^ of an inch, to 
less than a minute of a degree. 

** This instrument has been less resorted to than might, from its import- 
ance to the science, have been expected, owing, perhaps, to an opinion of its 
use being attended with some difficulty. But the observance of simple rules 
will render its application easy. 

" The principle of the instrument may be thus explained : — 

"Let ah, fig. 6, represent a jf' r 

crystal, of which one plane only is *^* 

visible in the figure, attached to a 
drcl^ graduated on its edge, and 
moveable on its axis at o ; and let 
a and b mark the position of the 
two planes whose mutual inclina- 
tion is required. 

"And let the lines, oeyOg, 
represent imaginary lines, resting 
on those planes in directions per- 
pendicular to their common edge, 
and the dots at t and h, some per- 
manent marks in a line with the 
center, o. 

** Let the circle be in such a position that the line, o e, would pass through 
the dot at k, if extended in that direction, as in fig. 6. 

" If the circle now be turned round with its attached crystal, as in fig. 7, 
until the imaginary line, og, is brought into the position of the line, oe, in 
fig. 6, the number 120 will stand opposite the dot at i. This is the number 
of d^i^es at which the planes a w *t 

and h incline to each other. For *^* 

if the line o ^ be extended in the 
direction o t, as in fig. 7, it is ob- 
Tious that the lines, oe, oi, which 
are perpendicular to the common 
edge of the planes, a and 6, would 
intercept exactly 120° of the circle. 

** Hence an instrument construct- 
ed upon the principle of these dia- 
grams is capable of giving with ac- 
curacy the mutual inclination of any 
two planes which reflect objects 
with sufficient distinctness, if the 
means can be found for placing 

them successively in the relative positions shown in the two preceding 
figures. 

** This purpose is effected by causing an object, as the line at m, fig. 8, to 
be reflected successively from the two planes, a and 6, at the same angle. It 
is well known that the images of objects are reflected from bright planes at 
the same angle as that at which their rays iall on those planes ; and that 
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Fig. 8. 




Fig. 9. 



when the image of an object 
reflected from a horizontal 
plane is obseryed, it appears 

80 much below the reflecting 

surfiEice as the object itself is 

above. 

" If, therefore, the planes a 

and 6, fig. 8, are successively 

brought into such positions as 

will cause the reflection of the 

line at m, from each plane, to 

appear to coincide with an- 
other line at n., both planes 

will be successively placed in 

the relative positions of the 

corresponding planes in figs. 

6 and 7. To bring the planes of any crystal successively into these relative 

positions, the following directions will be found usefuL 
''The instrument, as shown in the sketch, 

fig. 9, should be first placed on a pyramidal 

stand, and the stand on a small steady table, 

about six or ten or twelve feet from a flat window. 

The graduated circular plate should stand perpen- 
dicularly from the window, the pin x being hori- 
zontal, not in the direction of the axis, as it is 

usually figured, but with the slit end nearest to 

the eye. 

" Place the crystal which is to be measured on 

the table, resting on one of the two planes whose 

inclination is required, and with the edge at which 

those planes meet, nearest and parallel to the 
window. 

" Attach a portion of wax, about the size of 

df to one side of a small brass plate, e, fig. 10 ; 

lay the plate on the table with t'le edge, /, 

parallel to the window, the side to which the 

wax is attached being uppermost, and press 

the end of the wax against the crystal until it 

adheres ; then lift the plate with its attached 

crystal, and place it in the slit of the pin, x, with that side uppermost which 

rested on the table. 

" Bring the eye now so near the crystal, as, without perceiving the crystal 
itself, to permit the images of objects reflected firom its planes to be distinctly 
observed, and raise or lower that end of the pin, x, which has the small 
circular plate on it, until one of the horizontal upper bars of the window is 
seen reflected firom the upper or first plane of the crystal, corresponding with 
the plane a, fig. 6, and until the image of the bar appears to touch some line 
below the window, as the edge of the skirting-board where it joins the floor. 
" Turn the pin, x, on its own axis also, if necessary, until the reflected 
image of the bar of the window coincides accurately with the observed line 
below the window. 

'' Turn now the small circular handle, a, on its axis, until the same bar 
of the window appears reflected from the second plane of the crystal corre* 
Bpondmg with plane h, figs. 6 and 7, and until it a^^^^ears to touch the line 




Fig. 10. 
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below ; and baving, in adjusting the first plane^ turned tbe pin, x, on its axis, 
to bring tbe reflected image of the bar of the window to coincide accurately 
with the line below, now move the lower end of the pin laterally, either 
towards or from the instrument, in order to make the image of the same bar, 
reflected from the second plane, coincide with the same line below. 

" Having ascertained by repeatedly looking at, and adjusting both planes, 
that the image of the horizontal bar, reflected successirely from each plane, 
coincides with the observed lower line, the crystal may be considered ready 
for measurement. 

"Let the 180° on the graduated circle be now brought opposite the of 
the vernier at c, by turning the handle, h ; and while the circle is retained 
accurately in this position, bring the reflected image of the bar from the Jirst 
plane, to coincide with the line below, by turning the small circular handle, a. 
Now turn the graduated circle, by means of the handle, h, until the image of 
the bar, reflected from the second plane, is also observed to coiacide with the 
same line below. In this state of the instrument the vernier at c will indi- 
cate tbe degrees and minutes at which the two planes are inclined to each 
other. 

" The accuracy of the measurements taken with this instrument will 
depend upon the precision with which the image of the bar, reflected suc- 
cessively from both planes, is made to appear to coincide with the same line 
below ; and also upon the 0, or the 180°, on the graduated circle, being made 
to stand precisely even with the lower line of the vernier, when the first 
plane of the crystal is adjusted for measurement. A wire being placed hori- 
xontaUy between two upper bars of the window, and a black line of the same 
thickness being drawn parallel to it below the window, will contribute to 
the exactness of the measurement, by being used instead of the bar of the 
window and any other line. « 

" Persons beginning to use this instrument are recommended to apply it 
first to the measurement of fragments at least as large as that represented 
in fig. 10, and of some substance whose planes are bright. Crystals of car- 
bonate of lime will supply good fragments for this purpose, if they are merely 
broken by a slight blow of a small hammer. 

*' For accurate «ineasurement, however, the fragments ought not, when the 
planes are bright, to exceed the size of that shown in fig. 9, and they ought 
to be so placed on the instrument, that a line passing through its axis should 
also pass through the center of the small minute fragment which is to be 
measured. This position on the instrument ought also to be attended to 
when the fragments of crystal are large. In which case the common edge of 
the two planes, whose inclination is required, should be brought very nearly 
to coincide with the axis of the goniometer ; and it is frequently useful to 
blacken the whole of the planes to be measured, except a narrow stripe on 
each close to the edge over which the measurement is to be taken." 



INDEX. 



Aberration and aplanatism of lenses 
explained, 71. 

Achromatic eye-piece, 73. 

Aerial telescope, 81. 

Altitude and azimuth instrument, 
description of, 153 ; adjustments of^ 
166 ; use of, 167. 

Angles, methods of setting off, 16, 39 ; 
measuring, 16. 

Area, of a drawing, reduced or en- 
larged, 62 ; of a board or plank 
found, 69 ; of a survey computed, 
135. 

Artificial horizon, 121. 

Astronomical triangle, 168 ; table of 
formuke connecting the parts of, 
169. 

Bench marks. 111. 

Bisection of a straight line, 36. 

Bow compasses, 4. 

Box sextant, described, 117 ; its pa- 
rallax explained, 119; and elimi- 
nated, 121. 

Camera obscura, 89 ; lucida, 90. 

Cassini, his aerial telescope, 81. 

Cassegrainian telescope, 84. 

Chains, Gunter's and land, 92. 

Chords, line of, constructed, 14; uses 
of, 16. 

Chromatic dispersion of light ex- 
plained, 72. 

Clamping screw, 47. 

Collimation, line of, 100. 

Collimator, description of, 162; use 
oi, 162. 

Compasses, 1; beam, 48; bow, 4; 
hair, 2 ; with movable points, 3 ; 
proportional, 4 ; triangular, 6. 

Compass, prismatic, 115. 



Content of a drawing reduced or en- 
larged, 6 ; solid, measured, 80. 

Copying drawings, 62. 

Course, method of setting off a, 16. 

Crystals measured, 165. 

Cube root, extraction of, 6. 

Cylindrical vessel, its content in gal- 
lons measured, 63. 

Development of a portion of a sphere, 

22. 
Diagonal scale, 10. 
Dial, horizontal, 23; erect south, 25; 

east and west, 26. 
Dip sector, 144. 
Division, arithmetical, 29, 56 ; of a 

line into equal parts, 36. 
Drawing, a, its linear dimensions re« 

duced or enlarged, 5, 38, 51, 53; 

its area reduced or enlarged, 5 ; its 

solid content reduced or enlarged, 6. 
Drawing-paper, nlknagement of, 64 ; 

dimensions of, 65. 
Drawing pen, 7. 

Edge, straight, 8. 

Equd parts, scales of, 9. 

Eye -piece, celestial negative, 82; 

positive, 83; terrestrial, or erect, 

83. 

Flamstead's projection, 23. 

Geometrical construction, general 

rules, 66. 
Gnomon, 24. 
Gnomonic projection, 19. 
Goniometer, common, 164; WoUas* 

ton's, 165. 
Gravatt, his adjustment of the lerel, 

102; his level, 105. 
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Gr^oiian telescope, 84. 

Qimter's chain, 92; Gunter's lines, 

their construction, 25; their use, 

28. 

Hadley's sextant, described, 137; its 
adjustments, 139 ; its index error 
determined, 140. 

Herschel, his telescope, 84. 

Horizon, artificial, 121. 

Huyghens, his aerial telescope, 81; 
lus eye-piece, 82. 

Land chain, 92. 

Lenses, various forms of, and effects 
produced by them, 70 ; their focal 
lengths defined, 72 ; focal length 
of a convex lens practically deter- 
mined, 72 ; images formed by len- 
ses, 78. 

Level, spirit, 96; the Y level, 97; 
its adjustments, 101 ; Troughton's 
level, 104 ; Ghravatt's level, 105 ; 
irater level, 112 ; reflecting level, 
113. 

Levelling staff, 104. 

Levelling, remarks on, 106 ; for sec- 
tions, 108 ; field-book, 109. 

Light, pencils of, defined, 67 ; chro- 
matic dispersion of, 72. 

Linear measures, table of, 92. 

Marquois's scales, 42. 

Mean proportional found, 58. 

Micrometer, 47. 

Microscopes, refiracting, described, 76 ; 
their magnifying powers deter- 
mined, 79; reflecting, described, 
80; the reading microscope de- 
scribed, 160; its adjustments, 161 ; 
the solar microscope, 88. 

Mirrors, glass, secondary images 
formed in them, 75. 

Mounting, varnishing, &c., paper and 
drawings, 65. 

Multiplication, 28, 56. 

Newtonian telescope, 84. 
Numbers, line of, 25. 

0£betting staff, 95. 

Opera-glass, or Galilean telescope, 84. 

Optical square, 122. 



Orthographic projection, 18. 

Fantagraph, 50. 

Parallax, of a telescope, 100; of a 

sextant, 119. 
Parallel lines drawn, 43. 
Pen, drawing, 7; road, 8. 
Perpendicular lines drawn, 44. 
Plain scale, 33. 
Plotting scales, 50, 133; sections, 

111 ; a survey, 129. 
Polygon, inscribed in a circle, 5, 40 ; 

formed upon a given line, 40. 
Pricking point, 8. 
Prism, defined, 67; its effects upon 

light explained, 68 ; its uses in 

optical instruments, 69. 
Prismatic compass, 115. 
Proportion, 29, 36, 56. 
Protracting scales, 14. 
Protractors, upon plain scales, 33 ; 

circular, 129; semicircular, 131. 

Badius found, firom the length of the 

sine, tangent, or secant, of an arc, 

42. 
Bamsden, his eye-piece, 83. 
Reflectors, plane, their effects and 

uses in opticad instruments, 74; 

curvilmear reflectors, 75 ; methods 

of forming and polishing parabolic 

reflectors, 76, foot note. 
Reflecting circle, described, 141 ; 

directions for observing with it, 142. 
Rhumbs, line of, 16, 17 ; sine rhumbs, 

28 ; tangent rhumbs, 28. 

Scales, of equal parts simply divided, 
9 ; diagonal, 10 ; vernier, 11 ; 
formed by sector, 38; of chords, 
sines, versed sines, tangents, se- 
cants, and semitangents, 14; of 
rhumbs, chords, and longitudes, 
15; of hour-lines and latitudes, 
15; logarithmic, see G-uuter's lines; 
Marquois's, 42. 

Screw, clamping, 47 ; tangent, 47. 

Secant, to any desired radius, found, 
41. 

Sector, 33. 

Sextant, box, 117; Hadley's, 137. 

Sines, scales of, 14 ; to any desired 
radius, found, 41 ; logarithmic, tee 
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Oonter't fines, 25; nne ifamnbs, 
28. 

Sliding role, 55. 

Solid contents found, 30 ; of squared 
timber, 60 ; of tapering timber, 59. 

Sphere, its orthographic projection, 
18 ; gnomonic projection, 19 ; ste- 
reographic projection, 20 ; develop- 
ment of a portion, 22; Flamstead's 
projection, 23. 

Spherical confusion of lenses ex- 
plained, 72. 

Spirit level, 96. 

Square, of a number, finind, 57; 
root, 6 ; measures, table o^ 93. 

Station pointer, 135. 

Superficies, or area, measured, 29. 

Surveying, remarks upon, 126. 

T square, 131. 

Tables, giving the coirection to be 
subtracted from the approximate 
content of timber, as determined 
by the sliding rule, 61 ; of dimen- 
sions of drawing paper, 65; of 
linear measure, 92 ; of square 
measures, 93; showing the reduc- 
tion in l^s and decimals of a link 
upon 100 links for every half 
degree of inclination from 8** to 
20° 30', 95 ; showing the reduction 
in feet and decimals of a foot upon 
100 feet for each foot difference of 
level, 110 ; of formulae for deter- 
mining the time, the latitude of 
place of observation, and the decli- 
nation of a heavenly body, from 
observations made with the altitude 
and azimuth instrument, 159. 



Tangents, scale of, 14; to any de- 
sned radius, found, 42; logarithmic, 
27 ; tangent rhumbs, 28 ; tangent 
screw, 47. 

Telescopes, refracting, astronomical, 
81 ; with achromatic object glasses, 
82 ; Galilean, or opera glasses, 84 ; 
refracting, adjusted, and t^ted, 
86 ; reflecting, why required, 84 ; 
Newtonian, 84 ; Gk^[orian, 84 ; 
Gassegrainian, 85 ; Herschelian, 
85 ; reflecting, adjusted, and tested, 
88. 

Theodolite, described, 122 ; adjust- 
ments of horizontal limb, 125; 
adjustments of vertical limb, 125 ; 
surveying with, 127. 

Transit instrument, described, 144; 
its adjustments, 147; method of 
making and recording observations, 
151 ; use of the portable transit 
153. 

Triangle, isosceles, having each of 
the angles at the base double of 
the third angle, constructed, 40; 
righ^angled, solved, 31. 

Troughton, his level, 104; his reflect* 
ing circle, 141. 



Vernier, described, 45 ; scale, 11. 
Versed sines, scales o^ 14. 
Vision by means of lenses, 70. 



Wholes and halves, 4. 



Y level, 97. 
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£ s. d. 

Four-incli plain Theodolite . . . . . . . 18 13 

Four-inch best Theodolite, divided on Silver . . . . 15 15 

Ditto ditto ditto, with Tangent Screw Adjustments . • . 20 

Five-inch Theodolite 16 16 

Ditto, divided on Silvor, with Tangent Screw Adjustments • 24 8 

Six-inch Theodolite 18 18 

Ditto, divided on Silver to 20 Seconds, with Tangent Screw 

Adjustments 29 8 

Ditto ditto, with 2 Telescopes 88 

Seven-inch best Theodolite 84 18 

Ditto ditto, with 2 Telescopes 44 2 

Five-inch best Transit Theodolite 29 8 

Six-inch ditto ditto 84 18 

Seven-inch ditto ditto 40 19 

Bverest Theodolite, 4-inch 21 

Ditto ditto, 5-inch 2540 

Small Level, with Stand, for drainage 6 6 

Ten-inch Y Level 9 9 

Fourteen-inch T Level with Compass 14 14 

Elliott's improved Dumpy Level 14 14 

Ditto ditto, with Compass 16 16 

Ditto ditto, 14-inch 15 15 

Ditto ditto ditto, with Compass 17 17 

Ditto, ditto, extra large 21 

Circuroferenters from 5^ 16s. 6d, to 15 15 

Prismatic Compass 82. 8«. to 8 18 6 

Pocket Sextant 440 

Ditto, with Telescope 4 14 6 

Ditto, ditto, and Supplementary Arc 5 15 '6 

Optical Square 110 

Pentagraphs 5/. 15«. 6d, to 10 10 

Eidograph 10 10 

Transit Instruments 16^ 16<. to 78 10 



Cross Staff • • • • . 
Ditto, with Compass and Screw Staff 
Miners' Compass .... 
Circular Protractors, with Verniers . 
Metal Circular and Semicircular Protractors 
Lerel Staff, 14-feet, portable . 

Ditto, 17-feet 

Gravatt's Level Staff 

Papers for Level Staves . 

Ditto, in sets, for 14-feet Portable Staff 

Chain, 66-feet .... 

Standard Chains .... 

Arrows, set 

Tapes, 33-feet to 100-feet 

Pocket Tapes 



Four-inch Metal Sextant, divided on Silver 
Five-inch ditto ditto 
Six-inch ditto ditto . • 

Seven-inch ditto ditto . • 
Eight-inch ditto ditto . • 
Ditto ditto ditto, with double frame 
Quadrant . • . • 
Artificial Horizon • • • 



10s. 6d, to 

. 21, 2«. to 

. 61. 58. to 

8/. ISs. QcL to 

. 10<. 6d. to 

from 21. 15s. to 



6s. to 
Zs. to 



21 



12s. 6d. to 
128. 6d. to 



£ s. d. 

16 

2 12 6 
18 18 

7 17 6 

5 5 

3 

4 14 6 



3/. Zs. to 

per foot 

. . 

10«. to 

3/. Zs. to 



4 4 

8 

18 

5 5 

2 

1 1 



9 9 

12 12 

13 13 
16 15 

16 16 

17 17 
6 6 
4 14 




2 









10 6 










6 



Brass. 
« s. 

Proportional Callipers, 12 inches • . . .20 

Ditto ditto, 9 inches 1 14 

Proportional Compass, 12 inches . . . .30 

Ditto ditto, 9 inches 2 5 

Ditto ditto, 6 inches 1 10 

Ditto ditto, ditto, with Adjustment . • .20 

Whole and half ditto 18 

Triangle ditto 18 

Tube Compass 1 15 

Ditto, Needle Points 1 18 

Tube Beam Compass 2 

Pocket Turn-in Compass 16 

Ditto ditto, with handles 1 10 

Ditto ditto, ditto, and Bars . . • . .22 
Pillar Compass, with divided Sheath . . . 1 11 

Napier Compass 

Pocket Dividers, with Sheath . . . .08 
Best double-jointed Compass . . . . 15 

Ink Pencil, and Wheel Legs for ditto . . each 5 

Lengthening Bar 5 

Hair Divider 10 

Plain Divider 6 

Tate'sBow 14 

Double-jointed Bowpen and Bowpencil . . each 10 
Ditto ditto, Needle-pointed .... each 12 



German Silver. 

d. £ s. d. 

2 12 6 

2 2 

8 13 6 

8 8 

2 

2 10 

1 ^4 

14 

2 5 

2 8 

2 12 6 

1 16 

2 2 

2 12 6 

6 2 2 

2 2 

10 

110 

6 7 6 

7 

13 

8 

1 11 6 

6 IS 

15 



I 



Hair Bow Diyider 

Xnge Needle Bows each 

t;]^cxng Bowpen and Pencil .... each 

xring I>iTider 

'.iTory Handle Drawing Pen 

^IKtto, ditto, jointed 

Ebonj ditto 

Double Pen 

Six Wheels and Box 

Six Pens and one Handle 1 

Tncer 

Crow Qnill Holder 

Needle Holder 

Kni£B 



Brass. Gennan Silver. 
t, d, £ s. d. 



9 

15 

8 6 

7 6 

5 

5 6 
3 6 

10 6 

6 6 
6 



2 
8 
2 

1 



6 

6 
6 



Sector jointed Compass, 4^, 5 or 6 in. . . . 10 

Divider . . 6 

Ink, Pencil, and Wheel Legs . . . each 5 6 

Bar 050 

Bowpen and Bowpencil 12 

Narkw Compass 9 

Divider 4 6 

Ink and Ptodl Legs 9 

Bar 046 

College Compass 7 

Ink and Pencil Legs 7 

Divider 3 6 

Ink and Pencil Bows 7 

Steel Joint Compass, with Pen and Pencil Legs .076 

Divider 2 6 

Bowpen and Pencil 6 

Drawing Pen 2 



Case of Instruments, as supplied to the Bo3ral Military Academy 
Ditto, as supplied to the College of Civil Engineers at Putney . 
Ditto, as supplied to King's College, London .... 
Ditto, as supplied to the College, Cheltenham .... 
Ditto, as supplied to the Cadets at Addiscombe, Zl. 8«., 

8^. 13a. %d., and • . 

Magazine Cases of Instruments made of Brass, German Silver, 

or Silver, from 10/. 10*. to 



12 

1 1 



2 
8 
2 
8 







8 6 



7 
5 

7 



1 







15 
8 
7 
7 
16 



12 

10 

15 

8 











3 6 

10 6 

6 6 

6 

2 

8 

8 

1 



6 


6 





6 





18 

6 6 

13 

6 6 



6 






4-4 
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Sector 6f. to 1 I 

Marquois Scales, Boxwood 12 

Ditto, Ivory 2 12 6 

Ditto, Oerman Silver 8 13 6 



lyory Plotting Scales, 12 inches . • • • • 

Ditto ditto, 6 inches 

Ditto Offset Scales, 2 inches . • . . • 

Ditto Architect's Scales, 12 inches 

Ditto ditto, 6 inches 

Ditto Protractor, 12 inches 

Ditto ditto, 6 inches ' . • 

Ditto Parallel Eule, Brass Bars . . • • 
Ditto ditto, Qerman Silrer Bars . . . . . 

Ditto Pocket Rules 4s. 6d. to 

Slide Rules 

RouUedges' Slide Rule, with Book 

Hawthorn's ditto, with Book 

Box Plotting Scales, 12 inches . . . . 

Ditto Offsets 

Ditto Architect's Scale 

Ditto Pocket Rules 2t,M.to 

Ebony Parallel Rule, id. per inch. 

Rolling Parallel Rules, Is. per iuch« 

Ditto ditto, with lyorj Edges, Is. Sd. per inch. 

Rolling Protractor, Ivorjr . . ... 

Metal Standard Scale, stamped by Tithe Commissioners 

English and Foreign Standard Measures made to Order. 

Steel Straight Edges, 6s. per foot. 

Lancewood T. Squares, 8«. per foot. 

Ebony T. Squares, is. per foot. 

Computing Scales. • . . . . . • • • 

Centrolinead 11. Ss.io 

Sets of Radii Curves 11.1s. to 

Trammels 21, 12s. 6d. to 

Beam Compasses . . . . . . . 12. to 



£ I. 


d. 


10 





5 


0. 


2 


« 


18 





7 





1 10 





6 





i 


6 


6 





1 11 


6 


5 





9 





12 





4 





1 


6 


6 





14 





d 18 





1 1 






15s. to 
. 1^ Is. to 
. 21. 2s. to 
. il. U. to 

i;. lis. 6d. to 
. 21. 2s. to 

21. 12s. 6d. to 



from 11. is. to 



Twelve-inch Achromatic Telescope . 

Eighteen-inch ditto 

Twenty>four-inch ditto . . . 
Thirty-six-inch ditto .... 
Twelve-inch Portable Achromatic Telescope 
Eighteen-inch ditto ditto .... 
Twenty-four-inch ditto ditto . 
Military Telescope, in Leather Case and Strap 

Naval Telescopes 

Thirty-inch Astronomical Telescope, on Stand 

Forty-five inch ditto ditto ditto, 2f aperture 

Ditto ditto ditto, 3^ aperture . 

Telescopes, Opera Glasses, Spectacles, Barometers, and all descriptions of 

Optical and Philosophical Instruments, 
^lliott's Drawing Pencils, and small Pencils to fit Instruments. Tachet*s 

Patent Drawing Boards, Colours, Drawing Paper, &c., &c. 



16 





1 11 


6 


5 5 





6 5 





5 5 





1 11 


6 


2 2 





8 3 





5 5 





2 2 





2 12 


6 


3 8 





3 10 





6 6 





12 12 





25 4 
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SEftlES OF RUDIMENTARY IIV'ORKS 
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NEW LIST FOR 1854. 

The whole Senes, comprising 105 volumes, will be succeeded by other interesting 
ind useful works more especially intended for Public Instruction, written by 
learned and efficient masters in the several branches of Education. 

I. Rudimentary Chemistry, by Professor Fownes, F.R.S., &c. 3rd edition, 

and on Agricultural Chemistry, for the use of Farmers . Is, 

2. Natural Philosophy, by Charles Tomlinson, 2nd edition . 1*. 

3. Geology, by Lieut.- Col. Portlock, F.R.S., F.G.S., &c. 2nd edit. U, 6d. 

4. • Mineralogy, by D. Varley, vol. i. 2nd edition . . * Is. 

5. --——--—-----——-—---—----——-----—-- vol. iL „ . • . 1*. 

6. Mechanics, by Charles Tomlinson, 2nd edition . . . 1#. 

7. Electricity, by Sir William Snow Harris, P.R.S,, &c. 2nd edit., 

with the important addition of the Cavendish Papers . Is.Gd. 

8. _._ Magnetism: an Exposition of the General Principles of 

Magnetical Science, by Sir W. Snow Harris, vol. i. . . Is. 

9. vol. ii. . Is, 

10. ———————— vol. iii. ,ls.6d. 

11. ' History, Progress, and Present State of the Electric Telegraph 

in its several applications, by Edward Highton, C. E. double 2«. 

12. Pneumatics, by Charles Tomlinson, 2nd edition . . ,1*. 

13. ^— Civil Engineering, by Henry Law, C.E., vol. i. 2nd edition 1*. 

14. 15. voL ii., vol, iii., each 1*. 

15* vol. iiL> pan 2. Is. hd. 

16. — — — Architecture (Orders), by W. H. Leeds, 2nd edition . 1*. 

17. — — Ditto, (Styles — ^their several examples,) by T. Bury, Architect 1 s. 6d. 

18. ' Principles of Design in Architecture, by E.L.Garbett, Arc*, v.i. 1*. 

19. ____^^_^ vol. ii. 1*. 

20. -^— — -^— Perspective, by G. Pyne, Artist, vol. i. 3rd edition . . 1*. 

21. -—-—---—-—.-----------—-———— vol. ii. ., , . . 1*. 

22. ' Art of Building, by E. Dobson, C.E., Assoc. Inst. C.E. . Is, 

23. Brick-making, Tile-making, by the same, vol. i. . 1*. 

24. vol. iL .1*. 

25. • Masonry and Stone-cutting, by the same . , Is. 

26. Illustrations of the preceding, in 16 4to atlas plates . . Is. 

27, Art of Painting, or a Grammar of Colouring, by Georxe 

Field, Esq., vol. i. . • . . 1«. 

28. — — — ^— — voL ii. • . . Is. 

29. ■ Draining Districts and Lands, by G. D. Dempsey, C.E. Is. 

30. — ^— — — Draining and Sewage of Towns and Buildings, by 

the same 1«. 

31. ^— Well-sinking and Boring, b^ I. G. ^^^dsU^^ kc^^- 

tect, 2nd edition, rcviiedb^ G.'BL^wci^^^^- * - ^* 



2 RUDIMENTARY SCIENTIFIC WORKS 






32. Rudimentary Art of Use of Instruments (generally), by J. F. Heather, 

M.A., of the Royal MiL Acad., Woolwich, 2nd editJ 

33. -.^- ; Constructing Cranes for the Erection of Buildings 

and for Hoisting Goods, by J. Glynn, F.R.S., C.E. . 

34. . Treatise on the Steam Engine, by Dr. Lardner. {Written 

specially for this Rudimentary Series,) . . . . 

35. Art of Blasting Rocks and Quarrying, and on Stone, by 

Lieut.-Gen. Sir John Burgoyne, K.C.B., R.E., &c. &c. . 
36, Dictionary of Terms used by Architects, Builders, Civil and 

Mechanical Engineers, Surveyors, Artists, Ship-builders, 

&c. vol. i If 

37. vol' ii y* 

38. ' voL iiL h 

39. — ' ■■ ■ ■■ voL iv. . li 

40. ... .. — Art of Painting on Glass, or Glass-Staining, by Dr. M. A. 

Gessert, with an Appendix on the Art of Enamelling, &c. h 

41. Essay on the Art of Painting on Glass, by E. O. Fromberg I4 

42. — • Treatise en Cottage Building ; and some new Hints for Im- 

proving Dwellings, by C. B. Allen, Architect . . . L 

43. ■■ Tubular, Girder Bridges, and others, more par- 

ticularly describing the Britannia and Conway Bridges, 
with the Experiments made to determine their form, 
strength, and eflSciency, by G. D. Dempsey, C.E. . . L 

44. , — Foundations and Concrete Works, by E. Dobson, 

C.E 1 

45. .p.^........ — - — . Limes, Cements, Mortars, Concrete, Mastics, 

Plastering, &c., by Geo. R. Bumell, C.E. . . . I 
4j6. . the Art of Constructing and Repairing Common 

Roads, by H. Law, C.E 1 

47. .. — - — ■ the History, Construction, and Illumination 

of Lighthouses, by Alan Stevenson, LL.B., F.R.S.E., 

M. Inst. C.E. ...... vol. i. 1 

48. .- Ditto, Continuation of the same subject, vol. ii. 1 

49, vol. iiL 1 

50. — tlie Law of Contracts for Works and Services, by 

David Gibbons, Esq 1 

51. — ' Naval Architecture, the Elementary Principles of 

the Science, by J. Peake, H. M. Naval Architect . . I 

52. tl»e Practical Principles of Ditto, forming a 2nd 

and a 3rd volume, to complete the work, vol. i. . . I 

53. — — • ■ vol. ii. . . 1 

54. Masting, Mast-making, and Rigging of Ships Is. 6 

55. ^L- — Navigation; the Sailor's Sea-Book; in two 

Parts : i. How to keep the log and work it off. 11. On 
finding the latitude and longitude. By James Green- 
wood, Esq., B.A. — With Directions for Great Circle 
Sailing; an Essay on the Law of Storms and Variable 
Winds; and an Explanation of Terms used in Ship- 
Building, with coloured illustrations of Flags, vol. i. . ] 



FOR THE USE OF BEGINNERS. 3 

dimentary Treatise on Navigation, &c., vol. ii 1«. 

the Principles of the Art of Wanning and Ven- 
tilating Domestic and Public Buildings, Mines, Light- 
houses, Ships, &c., by Chas. Tomlinson, toI. i. • . 1«. 

vol. ii. . . 1*. 



Steam Boilers, their Construction and Practical 



Management, by Robert Armstrong, C.E. . . . 1«. 
Land and Engineering Surveying, for the use 



of Schools and Private Students; for Practical Land 
Surveyors, and Engineers, by T. Baker, C.E., vol. i. • 1«. 
— — ' vol. ii. . 1*. 



Introductory Sketches of Railway Details, by R. M. 

Stephenson, C.E I«. 

Treatise on the Construction of Agricultural Buildings of every 

description, by G. H. Andrews, Agricultural Engineer . 1«. 
on Motive Powers, and the Machinery of the 



Steading, by G. H. Andrews, A.E 1«. 

on Agricultural Field Engines, Machines, and Im- 



plements, by the same 1«. 

on Clay Lands and Loamy Soils, and the Value of 



different Lands, by Prof. Donaldson, Government Land 

Drainage Surveyor 1«. 

—— on Clock and Watch-making, and on Church Clocks, 



■> ■ 

with illustrations, by E. B. Denison, M. A., vol. i. . . 1«. 

■ vol. ii. . . 1«. 

m* and Practical Treatise on Music, with plates of examples, 

by C. C. Spencer, Professor of Music, vol. i. . . . 1». 
. voL ii. . • .1.9. 



Instruction for Playing the Piano-Forte, by the same . .1*. 
Treatise (A Manual of the Mollusca) on Recent Fossil 
Shells, by S. P. Woodward, Assoc, of the Linnaean Soc. . 1«. 

Illustrations to Do. 1». 

' voL ii. of the same . \b. 

— ^ — — Illustrations . . 1*. 



%* Coloured after nature, price 10«. 6rf. each teries, 
— Treatise on Descriptive Geometry, with the Theory of Sha- 
dows and of Perspective, from the French of G. Monge, by 

J. F. Heather, M.A U, 

Descriptive Geometry : Illustrations to the same. 



in 14 plates, atlas 4to 1«. 

Steam as applied to General Purposes and Loco- 



motive Engines, by J. Sewell, C.E. . . vol. i. . U, 

> by the same 'vol.iL , 1*. 

Supplementary volume to the above, illustrative 



of the Origin, Growth, and rapid Developments of the 

Locomotive Engine If. 

Marine Engines, particularly in reference to H.M. 



Steam Navy, by R. Murray, C.E. • • . vol. i. If. 
Ditto, and on the Screw, &c., by the same, voL ii. Ir 
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82. Kttdimentary Treatise on the Power of Water, as applied to drive Flour- 
Mills, and to gire Motion to Turbines and other Hydro- 
static Engines, by Jos. Glynn, F.R.S., C.E. . . . 2f. 

83. Book-Keeping and Commercial Phraseology, by James 

Haddon, M. A., King's College, London . . , U, 

MATHEMATICAL SERIES. 

84. and Elementary Treatise on Arithmetic, with a full Explana- 
tion of the Theory, and numerous Examples for Practice 
and for Self-Examination, by J. R. Young, late Prof, of 
Mathematics, Belfast ColL : with Key, each . • . UM 
j 85. Equational Arithmetic, applied to Questions of Interest, An- 
nuities, and General Commerce : also Formulae for the So- 
lution of all ordinary Calculations by a simple Equation, 
by W. Hipsley, of Hull U 

86. Elements of Algebra, for the use of Schools and Self-Instruc- 
tion, vol. i. by James Haddon, M.A., King's Coll., London ]». 

87. vol. ii. by the same U. 

88. Principles of Geometry; the application of Logic to Geome- 
trical Reasoning, based on the text of Euclid, Books 
1, 2, 3. By Henry Law, C. E., vol. L . . . . 1«. 

89. ■ vol. ii., by the same ; 4th, 5th, 6tb, 

11th and 12th Books of Euclid, with illustrative Nott% 
and a practical application of the various Theorem! . It. 

90. ' Analytical Geometry, by James Hann, Professor, King's ColL U. 

91. Treatise on Plane Trigonometry, by the same . • . Ii. 

92. Spherical Trigonometry, by the same^ . . It. 

93. Elements and Practice of Mensuration and Geodesy, by T. * 

Baker, C. E U 

94. Treatise on Logarithms, vol. i. by Henry Law, C. E. . . 1$. 

95. Tables for facilitating Astronomical, Nautical, Trigonometri- 
cal, and Logarithmic Calculations, voL iL by the same . 1«. 

96. and Elementary Treatise on Popular Astronomy, by the Rev. 

Robert Main, of Her Majesty's Observatory, Greenwich . 1#. 

97. — ^ Principles and Practice of Statics and Dynamict, by T. 

Baker, C.E 1#. 

98. Elements of Mechanism, elucidating the Principles developed 

by the Science of Mechanics for the elementary and prac- 
tical Construction of Machines, for the use of Schools and 
the Student in Mechanical Engineering, by T. Baker, C.E. Is 

98*. ■ with Practical Machines, by the same 1*. 

99. The Theory and Practice of Nautical Astronomy and Navigation, by 

H. J. Jeans, Royal Naval College, Portsmouth, vol. i. . Is, 

100. vol. ii. . It. 

These volumes describe the use of the ' Nautical Almanac,' by meana of an inresti- 
gation of the construction of some of the Tables contained therein : they also 
contain numerous eas^ Examples, — Rules at leng;th for finding the latitude and 
longitude and variation of the compass, and also their investigation, —thua 
rendering it complete, without reference to any other work on the subject. 

^/t?I, Eudimentary PMerential Calculus, in which the Principles are clearly 

elucidated, by W. S. B. Woo\\vow^,lf .'fi.. k.%. . , It, 
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102. Rudimentary Integral Calculus, in which the Principles are also clearly 

elucidated, by Homersham Cox, M. A. of Cambridge . If. 

103. Collection of Examples of the Integral Calculus, voL i. by 

James Hann, Professor, King's College . . .If. 

104. the Differential Calculus, vol. ii. 

by J. Haddon, M. A., King's College . . . .If. 

105. — — — - and First Mnemonical Lessons in Algebra, 'Geometry, and 

Trigonometry, by the Rev. Thos. Penyngton Kirkman, 

M.A., Rector of Croft-with-SoutWorth, Lancashire , lf.6<f. 

This Tolume, which contuns more than the usual number of pages, is an excellent 
accompaniment to the 21 preceding works. 



NBW SERIES OF * LONDON.' 

A new Series at Is. each, developing in Ten Sectional Divisions, 
for the convenience of the Industrial Classes, 

THE METROPOLIS OF THE BRITISH EMPIRE 
AND ITS NEIGHBOURHOOD, 

Descrihed and elucidated hy an Exposition of its History and Antiquities : 

INCLUDING 

The History of the Corporation of the ancient City of London — its Arts, Trade, 
And Commerce — its Architecture, Club-Houses, Docks, Pictmre Galleries, Scientific 
Institutions and Public Libraries, Astronomical Observatories in and near London, 
and other interesting and useful information, amply described and illustrated. 

The following opinion of the whole combined as a volume has been expressed 

by a periodical of the highest standard, devoted to literature and the arts : 

"A Tolume of nearly a thousand closely printed pages deseriptiye of ererything that can 
interest the stranger or the resident, profiisely embelUshed with more than two hundred care- 
fully executed wood-cuts of the principal points of interest in its thoroughfares, and a newly 
constructed Map by Mr. Lowry, cannot be otherwise than acceptable to the mass of visitors 
to the Metropolis at the present time. When we add that all thu is produced at an exceedingly 
moderate cost, we cannot but feel that Mr. Weale's work was suggested by higher than mere 
trade notions, — by a wish, in fact, to be serviceable to all who wanted such services. Throughout 
we trace a careful desire to be accurate and a freedom from a mere common-place laudation of 
certain pet places which are stereotyped for praise, such as the view from Richmond Hill and 
other localities. With such a book as this none but the hypercritical could be dissatisfied. 
In going over so large a field, and the vast amount of pains taken, the insignificance of a few 
slips of the pen render them venial. We cannot but feel the superiority of a work of this kind 
to some more ambitious hand-books, which are made up by a paste-and-scissors process, with an 
abundance of quotations from old books, containing mere nominal allusions to places and things, 
void of all interest but that which the philosophical inquirer may need in noting the misdirected 
ingenuity of the compiler. Mr. Weale's book takes a higher position than these, and he is justly 
entitled to higher reward. His volume is a sensible and useful gmde." — Art-Union JourwUt, 
Sept. 1851. 

1. London. — Section i. The Physical Geography of the Basin of the Thames 

— II. Climate — iii. Geology — iv. Natural History — v. Statistics — 
Spirit of the Public Journals — ' Tinges' Printing-press — ^vi. Legislation 
and Government, Municipal Arrangements, Police, Postal Arrange- 
ments — Banking — Assurance Offices — Export and Import Duties. 
Wood-cuts of ' Times' Machine Is, 

2. Architecture — Remarks on its History — the Tower — Temple 

> -^ 



NEW SERIES OP * LONDON.' 



Church — ^Wcstminster Abbey — St. Stephen's Chapel — St. Paul's— 
Churches, including those by Sir C. Wren, Inigo Jones, Sir W. Cham- 
bers, &c. 30 wood'Cuttf interior and exterior of Churches 

3. London. — Somerset House— -St. Paul's before the fire^^Almshouses — ^Arts, 
Manufactures, and Trades — ^Tables of Life Assurance Companies, with 
the Rates of Premiums — Asylums — the Bank of England — Baths and 
Washhouses — Buildings for the Labouring Classes — Breweries — 
Bridges — Canals — Cemetery Companies — Club-Houses. 27 wood-cuts 

4. -'■• Club-Houses — Churches— Colleges— an elaborate account of 

the Privileges and Constitution of the City of London, a special article 
^-Customs, Custom House, Docks, and Port of London — Royal Dock- 
yards, with plans-^Ducal Residences — ^the Electric Telegraph — Educa- 
tion — Engineering Workshops — ^the Royal Exchanges, Coal and Corn 
Exchanges — Coffee Houses, &c. 30 wood'Cuts of Club Houses, the 
Docks, and the three Royal Exchanges, plans and elevations 

5. __ Galleries of Pictures. — Succinct account of all the Pictures, with 
the names of4he Masters, in the Galleries and Collections of Lord Ash- 
burton — Barbers' Hall, City — Bridewell Hospital- — Thomas Baring, 
Esq., M.P.— the Society of British Artists — British Institution — British 
Museum — the Duke of Buccleuch — Chelsea Hospital — the Duke of 
Dcvonshlre-^G. Tomline, Esq., M.P. — Dulwich College — ^the Earl of 
EUesmere-r-the Foundling Hospital — School of Design — Greenwich 
Hospital— Vernon Gallery-^ Grosvenor Gallery — Guildhall — Hampton 
Court— T. Holford, Esq. — H. T. Hope, Esq., M.P.— St. James's Palace 
— H. A. J. Munro, Esq. — Kensington Palace — the Marquis of Lans- 
downe — the National Gallery — National Institution — the Duke of 
Northumberland — Lord Overstone — Mr. Sheepshanks — ^Lord Garvagh 
— Earl de Grey — Lord Normanton-^ Sir Robert Peel — ^the Queen's 
Gallery, Buckingham Palace — Samuel Rogers, Esq. — ^Royal Academy 
— Society of Arts — the Duke of Sutherland — Lord Ward-^the Marquis 
of Hertford— the Duke of Wellington— Whitehall Chapel— Windsor 
Castle, &c. 13 wood-cuts ] 

o. — — - Gas Works and Gas-lighting in London — Gardens, Conser- 
vatories. Parks, &c. around London, with an account of their for- 
mation and contents. 21 wood-cuts of the principal Conservatories, 
Gardens, &c 

7. Halls, Hospitals, Inns of Court — Jewish Synagogues — Schools, 

Learned Societies, Museums, and Public Libraries — Lunatic Asylums 
— Markets — Mercantile Marine — the Mint — Music, Opera, Oratorio 
—Musical Societies, &c. 17 wood-cuts 

8. Observatories in London and its Vicinity — Observatories and 

Astronomical Instruments in use at Cambridge and Oxford, vrith 20 
irood-cuts of interior and exterior of Observatories, and of Astronomical 
Instruments . • . . .' 

9. ■ Patent Inventions in England — Public and Private Buildings 

of Londop, criticisms on the taste and construction of them — Houses 

o/ Parliament — PrisonSf &c. 16 wood-cuts 

J{1 . Railway Stations in London — Sewers — ^Sl^Xuan— 'S»\.^tcx'^v«\- 

gstion on the Thames — The Works of t\\e TVvavcves T>rRTvfex ^?>X.w- 
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Supply to the Metropolis — Excursion to Windsor, with views and 
plans ; plans of the Stables, &c. — The Two Universities of Cambridge 
and Oxford, with views and plans of the Colleges ; and an Index and 
Directory. 25 wood-cuts If. 

\ *m* '^^^ following gentlemen were contributors to the preceding : 

p. P. Baly, Esq. C.E. George Hatcher, Esq. C.E. William Pole, Esq. 

6. R. Bumell, Esq. C.E. Edward Kemp, Esq. Oeorge IPyne, Esq. 

M. H. Breslau, Esq. Henry Law, Esq. C.E. Charles Tomlinson, Esq. 

Hjde Clarke, Esq. C.E. W. H. Leeds, Esq. W. S. B. Woolhouse, Esq. 

E. L. Garbett, Esq. Architect. Rev. Robert Mtdn, LL.D. Actuary. 

J. Harris, Esq. C.E. H. Mogford, Esq. 



NEIIV' SERIES OF EDUCATIONAI. "WOBKSi 

OR 

Volumes intended for Public Instruction and for Reference : 

To be published in the eourte of 1852. 

Tbjb pnblic favour with which the Rudimentary Works on scientific subjects have 
been received induces the Publisher to commence a New Series, somewhat different 
in character, but which, it is hoped, may be found equally serviceable. The 
Dictionaries of the Modern La nod ages are arranged for facility of reference, 
80 that the English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although possessing but a slight 
acquaintance with the respective languages. They will also be found of essential 
service for the desk in the merchant's office and the counting-house, and more 
particularly to a numerous class who are anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Greek and Latin Dictionaries has long been 
felt by the younger students in schools, and by the classical scholar who requires a 
book that may be carried in the pocket ; and it is believed that the present is the 
first attempt which has been made to offer a complete Lexicon of the Greek 
Language in so small a compass. 

In the volumes on England, Greece and Rome, it is intended to treat of 
History as a Science, and to present in a connected view an analysis of the large 
and expensive works of the most highly valued historical writers. The extensive 
circulation of the preceding Series on the pure and applied Sciences amongst 
students, practical mechanics, and others, affords conclusive evidence of the 
desire of our industrious classes to acquire substantial knowledge when placed 
within their reach ; and this has induced the hope that the volumes on History 
will be found profitable not only in an intellectual point of view, but, which is of 
still higher importance, in the social improvement of the people ; for without 
a knowledge of the principles of the English constitution, and of those events 
which have more especially tended to promote our commercial prosperity and 
political freedom, it is impossible that a correct judgment can be formed by the 
mass of the people of the measures best calculated to increase the national welfare, 
or of the character of men best qualified to represent them in Parliament ; and 
this knowledge becomes indispensable in exact proportion as the elective franchise 
may be extended and the system of government become more under the influence 
of public opinion. k 

The scholastic applicaiiolof these volumes has not been overlooked, and a 
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compariBon of the text with the ezaminationa for degrees, given at the end of 1 
•econd volume of the History, will show their applicability to the coarse of histo 
study pursued in the Universities of Cambridge and London. 
1. Outlines of the Hibtobt ov England, with special reference to the origin 
and progress of the English Constitution, by William Douglas Hamilton, of 

University College, with Illustoations 

2. Continuation, bringing the History 

down to a recent period . . . > . • 

*«* This history is designed to communicate, in an accessible form, a linowledge of the n 
essential portions of the great worlds on the English Constitution, and to form a tezt-h 
for the use of Colleges and the higher classes in Schools. 

8. View of the History of Gbbeoe, in connection with the rise of the arts and 

civilization in Europe, by W. D. Hamilton, of University College 

** To Greece we owe the Arts and Sciences, but to Rome our Jcnowledge of them." 

4. History of Eohe, considered in relation to its social and political changes, 
and their influence on the civilization of Modem Europe, designed for the 
use of Colleges and Schools, by the same ...... 

5. A Chronology of Civil and Ecclesiastical History, Literature, Science, and 
Art, from the earliest time to 1850, by Edward Law, vol. i. 

6. vol. ii. . , 

7. Grammar of the English Language, for Schools and Private Instruction 

8. Dictionary of the English Language, comprehensive and concise . . 2s. 

9. Grammar of the Greek Language, by H. C. Hamilton 
10. Dictionary of the Greek and English Languages, vol. i., by H. E. Hamilton 

11. '■ vol. ii., by the same . 

12. English and Greek Languages, vol. iii., by the same . 

13. Grammar of the Latin Language, by H. C. Hamilton .... 

14. Dictionary of the Latin and English Languages, vol. i., by H. R. Hamilton 
16. vol. ii., by the same 

16. English and Latin Languages, vol. iii., by the same . 

17. Grammar of the French Language 

18. Dictionary of the French and English Languages, vol. i., by A. Elwes 
19. English and French Languages, vol. ii., by the same . 

20. Grammar of the Italian Language, by Al&ed Elwes, Professor of Languages 

21. Dictionary of the Italian, English, and French Languages, v. i., by the same 

22. English, Italian, and French Languages, v. ii., by the same 

23. French, Italian, and English Languages, v. iii., by the same 

24. Grammar of the Spanish Language, by the same 

25. Dictionary of the Spanish and English Languages, vol. i., by the same . 
26. English and Spanish Languages, vol. ii., by the same 

27. Grammar of the German Language, by G. L. Strausz, (Ph. Dr.) . 

28. German Reader, selections from the best authors, by the same 

29. Dictionary of the English, German, and French Languages, vol. i., by Nicolas 
Esterhazy S. A. Hamilton 

SO. • German, English,- and French Languages, vol. ii., by the 

same 

/SI. French, English, and Geiman. "Laivgtta^ea, ^q\. \\\.,V3 \:tt* 

same .......,..•« 
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CONTENTS. 



PART I.— PURE MATHEMATICS. 



CHAPTER I.— Arithmbtio. 

SacT. 

1. DefinitionB and Notation. 

2. Addition of Whole Numbers. 
8. Subtraction of Whole Numbers. 

4. Multiplication of Whole Numbers. 

5. Division of Whole Numbers. — Proof of 

the first Four Bules of Arithmetic. 

6. Vulgar Fractions.— Eeduction of Vul- 

gar Fractions. — Addition and Sub- 
traction of Vulgar Fractions. — Mul- 
tiplication and Division of Vulgar 
Fractions. 
7t Decimal Fractions. — Reduction of 
Decimals. — Addition and Subtrac- 
tion of Decimals. — Multiplication 
and Division of Decimals. 

8. Complex Fractions used in the Arts 

and Commerce. — Reduction. — Addi- 
tion. — Subtraction and Multiplica- 
tion. — Division. — Duodecimals. 

9. Powers and Roots. — Evolution. 

10. Proportion. — Rule of Three. — Deter- 

mination of Ratios. 

11. Logarithmic Arithmetic. — Use of the 

Tables. — Multiplication and Division 
by Logarithms. — Proportion, or the 
Rule of Three, by Logarithms. — 
Evolution and Involution by Log- 
arithms. 

12. Properties of Numbers. 

CHAPTER II.— Alqebra. 

1. Definitions and Notation. 

2. Addition and Subtraction. 
8. Multiplication. 

4. Division. 

5. Involution. 

6. Evolution. 

7. Surds. — Reduction. — Addition, Sub- 

traction, and Multiplication. — Di- 
vision, Involution, and Evolution. 

8. Simple Equations. — Extermination. — 

Solution of General Problems. 
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9. Quadratic Equations. 

10. Equations in General. 

11. Progression. — Arithmetical Progres- 

sion. — Geometrical Progression. 

12. Fractional and Negative Exponents. 

13. Logarithms. 

14. Computation of Formulse. 

CHAPTER III.— Gbomeprt. 

1. Definitions. 

2. Of Angles, and Right Lines, and their 

Rectangles. 

3. Of Triangles. 

4. Of Quadrilaterals and Polygons. 

5. Of the Circle, and Inscribed and Cb> 

cumscribed Figures. 

6. Of Planes and Solids. 

7. Practical Geometry. 

CHAPTER IV.— Mkhsuritioh. 

1. Weights and Measures. — 1. Measures 

of Length. — 2. Measures of Surfiice. 
— 3. Measures of Solidity and Ca- 
pacity. — 4. Measures of Weight — 
5. Angular Measure. — 6. Measure of 
Time. — Comparison of English and 
French Weights and Measures. 

2. Mensuration of Superficies. 

3. Mensuration of Solids. 

CHAPTER v.— Trigohoketkt. 

1. Definitions and Trigonometrical For- 

mulae. 

2. Trigonometrical Tables. 

3. General Propositions. 

4. Solution of the Cases of Plane Trian- 

gles. — Right-angled Plane Triangles. 

5. On the application of Trigonometry 

to Measuring Heights and Distances. 
— Determination of Heights and 
Distances by Approximate Mechani- 
cal Methods. 
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CHAPTER VI. — CJoNio Seotiohs. 

SXCT. 

1. Definitions. 

2. Properties of the Ellipse. — Problems 
relating to the Ellipse. 

8. Properties of the Hyperbola. — Pro- 
blems relating to the Hyperbola. 

4. Properties of the Parabola. — Problems 
relating to the Parabola. 



CHAPTEE VII.— Propeetim o» 

CUBYES. 

Sect. 

1. Definitions. 

2. The Conchoid. 
8. The Cissoid. 

4. The Cycloid and Epicycloid. 

5. The Quadratrix. 

6. The Catenary. — Tables of Relations 

of Catenarian Curves. 



PART II.— MIXED MATHEMATICS. 



CHAPTBE I. — Mbohanios in Gerxbal. 

CHAPTER II.— Statics. 

1. Statical Equilibriimi. 

2. Center of Gravity. 

8. General application of the Principles 
of Statics to the Equilibrium of 
Structures. — Equilibrium of Piers 
or Abutments. — Pressure of Earth 
against Walls. — Thickness of Walls. 
— Equilibrium of Polygons. — Sta- 
bility of Arches. — Equilibrium of 
Suspension Bridges. 

CHAPTER III.— Dtkamios. 

1. General Definitions. 

2. On the General Laws of Uniform and 

Variable Motion. — Motion uniformly 
Accelerated. — Motion of Bodies un- 
der the Action of Gravity. — Motion 
over a fixed Pulley.— Motion on 
Inclined Planes. 

3. Motions about a fixed Center, or Axis. 

— Centers of Oscillation and Per- 
cussion. — Simple and Compound 
Pendulums. — Center of Gyration, 
and the Principles of Rotation. — 
Central Forces. — Inquiries connected 
with Rotation and Central Forces. 

4. Percussion or Collision of Bodies in 

Motion. 

5. On the Mechanical Powers. — Levers. 

— Wheel and Axle. — Pulley. — In- 
clined Plane. — Wedge and Screw. 



CHAPTER IV.— Htdrostatios. 

1. General Definitions. 

2. Pressure and Equilibrium of Non- 

elastic Fluids. 

3. Floating Bodies. 

4. Specific Gravities. 

5. On Capillary Attraction. 

CHAPTER v.— Htdrodtnakios. 

1. Motion and Efiluence of Liquids. 

2. Motion of Water in Conduit Pipes 

and Open Canals, over Weirs, &c. — 
Velocities of Rivers. 
8. Contrivances to Measure the Velocity 
of Running Waters. 

CHAPTER VI.— Pneumatics. 

1. Weight and Equilibrium of Air and 

Elastic Fluids. 

2. Machines for Raising Water by the 

Pressure of the Atmosphere. 

3. Force of the Wind. 

CHAPTER VII.— Meohakioal Agents. 

1. Water as a Mechanical Agent 

2. Air as a Mechanical Agent. — Con- 

lamb's Experiments. 
8. Mechanical Agents depending upon 
Heat The Steam Engine. — Table 
of Pressure and Temperature of 
Steam. — Gwieral Description of the 
Mode of Action of the Steam Engine. 
— Theory of the Steam Engine. — 
Description of the various kmds of 
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Engines, and the Fonnulae for calcu- 
lating their Power. — Practical appli- 
cation of the foregoing Formnlse. 
4. Animal Strength ai a MechanicalAgent 



CHAPTBB YIII.— SfBBHOTH 
Hatbbzaul 



OF 



1. Results of Experiments, and Principles 

upon which they should be practicall j 
applied. 

2. Strength of Materials to Besist Tensile 

and Crushing Strains. — Strength of 
Columns. 
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3. Elasticity and Elongation c 

subjected to a Crushing o 
Strain. 

4. On the Strength of Materials 

to a Transverse Strain, 
tudinal form of Beam of 
Strength. — Traosverse Stn 
other Materials than Cast 
The Strength of Beams acc( 
the manner in which the 
distributed. 

5. Blasticity of Bodies subject 

Transverse Strain. 

6. Strength of Materials to tesist 
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Table of Logarithmic Differences. 

Table of Logarithms of Numbers, from 1 to 100. 

Table of Logarithms of Numbers, from 100 to 10,000. 

Table of Logarithmic Sines, Tangents, Secants, &c 

Table of Useful Factors, extending to several places of Decimals. 

Table of various Useful Numbers, with their Logarithms. 

A Table of the Diameters, Areas, and Cilrcumferences of Circles and 

sides of Equal Squares. 
Table of the Belations of the Arc, Abscissa, Ordinate and Subnorma 

Catenary. 
Tables of the Lengths and Vibrations of Pendulums. 
Table of Specific Gravities. 

Table of Weight of Materials frequently employed in Construction. 
Principles of Chronometers. 
Select Mechanical Expedients. 

Observations on the Effect of Old London Bridge on the Tides, fte. 
Professor Parish on Isometrical Perspective. 



Supplementary to the Rudimentary Series. 

Mr. Wxalb has to announce^ a very important addition to his useful and 
series of volumes ; viz., " Tbb Pbaotiob ov Ejcbahkino Lards from t: 
treated as a means of profitable Employment of Capital; with Examples and Pa 
of actual Embankments, and also practical Bemarks on the Bepair of Old Sea 
by JoHH WioannSy P.G.S. — Double Volume, Price 2$, 
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